


O^PARTMENT OF MINING ENGINEERING

library Nuinb»r;.....JL/Cfn^ >„. J..., .

Return this book to

Cupboard;.

Shelf:

All books are to be signed for in the loan

book when borrowed, and when retutned.

Books must be returned within One Week,

unless special permission is given for a toi^^er

luan.

I



-Oe L // '6 >» -





THE CHEMISTRY OF CYANIDE SOLUTIONS



vt'j)%.'miWWn/ti^wtiti^wTv^^mviiti^v%'ni%/^%'^%vw'vw^^n I »t f'f r

Published by the

McGraw-Hill Book. Company
Ne-wYoi'k.

SucccAsora to tkeBookDepartments of tKe

McGraw Publishing Company Hill Publishing' Company

Publishers of Ibooks for

ElectriciJ World The Engineerings and Mining'Journal

The Engineering Record rbwer and The Engineer

Electric Railway Journal American Machinist

K«.<^<<I^«l«^A«f\«ltli^»i\«^<^«Jt«t«li>(\I\il^tfl«,i<<.<.<,<^<^<>«,«lt,«^i^«,<><,<,«,i.i^«^«,4^<•.<l«.<,<<«.<,«,<^«^i\«l«<<l«l*«.«tf.«-<1<lft



^
THE CHEMISTRY OF
CYANIDE SOLUTIONS

RESULTING FROM THE
TREATMENT OF ORES

By

J. E. CLENNELL, B.Sc. (Lond.)

ASSOCIATE OF THE INSTITUTION OF MINING AND METALLURGY

ASSOCIATE OF THE CHEMICAL, METALLURGICAL, AND MINING
SOCIETY OF SOUTH AFRICA

Author of "Antdyticed Work in Connection with the Cyanide Process^^

SECOND EDITION

Corrected and Enlarged

NEW YORK
McGRAW-HILL BOOK COMPANY

239 West 39th Street

1910



CSA-

/1/0
Copyright, 1904

BY

The Engineering and Mining Journal

Copyright, 1910

BY THE

McGraw-Hill Book Company



CONTENTS.

PAGE

introductory 1

Ingredients of Cyanide Solutions that are Estimated. . 2

Active Cyanogen Compounds 4

Free Cyanide 4

Total Cyanide 33

Total Cyanogen 47

Hydrocyanic Acid 52

Available Cyanide 54

Alkaline Constituents 58

Total Alkali 62

Protective Alkali G3

Hydrates, Carbonates and Bicarbonates 66

Ammonia 68

Keducing Agents 70

Reducing Power 70

Ferrocyanides 73

Thiocyanates 87

Sulphides 90

Other Eeducing Agents .• 93

Auxiliary Agents 95

Oxygen 95

Active Haloids 100

Peroxides 101

Ferricyanides 102

Inactive Bodies 104

Cyanates and Isocyanates 108

Chlorides 112

Nitrates 112

Sulphates 112

Silicates 113



IV CONTENTS.

PAGE

KoBLE Metals 114

Gold and Silver Together 114

Gold Alone 118

Silver Alone 120

Base Metals 123

Zinc 123

Copper 123

Iron, Alkaline Earths and Alkali Metals 137

Suspended Matter 138

Total Solids in Suspension 138

Various Constituents in Suspended Matter 140

Total Solids in Solution 141

An Examination of Various Methods for the Estimation

OF Ferrocyanide 143

Appendices 161-198

^_-



INTRODUCTORY.

In preparing the following treatise, my object has been not so

much to give the results of any special researches on individual

obscure points as to present a comprehensive and, so far as possi-

ble, complete review of the entire subject. For this purpose a short

description of well-known methods is introduced, and, where neces-

sary, a critical discussion of their value, I have also described the

various modifications of existing methods that have been suggested

from time to time, but which have not hitherto been collected and

compared, and have given the results of experiments made to test

the accuracy of the assumptions on which such modifications are

based. While, for the sake of completeness and the clear presenta-

tion of the subject, it has been necessary to include much that is

already familiar, it is hoped that the points discussed are shown to

be of sufficient interest and importance to justify a somewhat ex-

tended investigation.

A systematic study of the solutions resulting from the continued

working of the cyanide process on some particular class of ore may
throw much light on the chemical and economic problems involved

in the treatment, and in some instances has proved of great prac-

tical value. It is highly desirable, therefore, to have a fairly

simple, rapid and reliable system of laboratory tests for determin-

ing the amount of any of the more important constituents of such

solutions. In addition to these laboratory methods, one or two

rough tests are needed which will suffice for controlling the daily

routine operations of the plant; such tests should give a clear and

unmistakable indication, and should represent some factor of real

value in the treatment, though strict scientific accuracy is not a neces-

sity in this case.

Note.—The author, owing to absence on professional work, was unable to
revise his proofs. The revision was done by Mr. H. E. Bowles, F.I.C., to whom
acknowledgment is due by the publishers for this courtesy.
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INGEEDIENTS OF CYANIDE SOLUTIONS THAT ARE

ESTIMATED.

For the purpose of analysis, the various constitutents of a cyanide

solution, after use in the treatment of ores, may be conveniently

classified as follows:

—

Class I.—Active Cyanogen Compounds.

Class II.—Alkaline Constituents.

Class III.—Eeducing Agents.

Class IV.—Auxiliary Agents.

Class V.—Inactive Bodies.

Class VI.—Noble Metals.

Class VII.—Base Metals.

Class VIII.—Suspended Matter.

The estimations, which will be considered under each of these

heads are here summarized.

Class I.

—

Active Cyanogen Compounds.

1. Free cyanide. 3. Total cyanogen.

2. Total cyanide. 4. Hydrocyanic acid.

5. 'Available' cyanide.

Class IT.

—

Alkaline Constituents.

1. Total alkali. 4. Alkaline carbonates and bicarbon^

2. Trotective' alkali. ates.

3. Alkaline hydrates. 5. Ammonia and ammonium salts.

Class III.

—

Reducing Agents.

1. Reducing power. 4. Organic matter.

2. Ferrocyanides. 5. Sulphides.

3. Thiocyanates. 6. Nitrites.

Class IV.

—

Auxiliaby Agents.

1. Oxygen. 3. Peroxides.

2. Active haloids. 4. Ferricyanides.
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Class V.

—

Inactive Bodies.

1. Cyanates and isocyanates. 3. Nitrates.

2. Chlorides. 4. Sulphates.

5. Silicates.

CiiASS VI.

—

Noble Metals.

1. Gold and silver together. 2. Gold alone.

3. Silver alone.

Class VII.

—

^Base Metals.

1. Zinc. 3. Iron.

2. Copper. 4. Alkaline earths.

5. Alkali metals.

Class VIII.—Insoluble (Suspended) Matter.

{Organic and Inorganic.)

In exceptional cases some accidental impurities not included in

the above list may have to be estimated. Thus organic matter has

been supposed to exist in these solutions in a variety of forms, somie

of considerable complexity, but as a rule no useful object would be

served by special estimations of these bodies, e. g., formates, oxam-

ide, urea, etc., and they will not be considered in the present discus-

sion.
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CLASS I.

ACTIVE CYANOGEN COMPOUNDS.

Under this head will be considered those cyanogen compounds

which are of more or less practical value as solvents for the

precious metals. Some of the cyanogen compounds included in

the estimations of ' total cyanide ' and ' total cyanogen,' however,

are not solvents of gold and silver.

SECTION 1.

Estimation of Free Cyanide.

The term *free cyanide' will be used to indicate the equivalent,

in terms of potassium cyanide, of all the cyanogen which is present

in the solution as simple cyanides of the alkalis and alkaline earth

metals, such as KCy, NaCy, NH4Cy, CaCyg and BaCyg. It does

not include cyanogen present in the form of double cyanides or

hydrocyanic acid.

Methods.

The principal methods hitherto proposed for estimating free

cyanide are as follows

:

1. The silver nitrate method, proposed in its original form by

Liebig.

2. The iodine method, generally ascribed to Fordos and Grelis.

3. The mercuric chloride method of Hannay.

4. The cuprammonium method. (Buignet.)

Method No. 1.

Estimation of Free Cyanide by Titration with Silver Nitrate.

(A) lAehig's Method {Unmodified).

This method, either in its original form or with certain modi-

fications to be discussed later, is the one almost universally adopted

in the actual daily tests made for regulating the strength of solu-

tions in use for the treatment of ores.
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The process depends upon the fact that when a solution of

nitrate of silver is added drop by drop to a liquid containing simple

cyanides of the alkali or alkaline earth metals, each drop of the

solution forms a white cloud of silver cyanide. So long as the free

cyanide is in excess, this cloud disappears on agitation, forming

a soluble double cyanide of silver by combination with the simple

cyanide present. The reactions in the case of potassium cyanide

are as follows:

(a) AgN03 + KCy = AgCy + KN08.

(6) AgCy + KCy :=: KAgCy,.

The completion of the reaction is shown by the permanence of a

white turbidity or opalescence. When this point is reached the

whole of the free cyanide has been converted into a double salt of

silver, and any further addition of silver nitrate will cause a pre-

cipitate of silver cyanide which does not redissolve; thus:

(c) AgN03 + KAgCy, = 2AgCy + KNO3.
It will be noted from these reactions that one molecule of silver

nitrate is equivalent to two molecules of potassium cyanide, the

complete series of reactions up to the point where a permanent tur-

bidity appears being expressible in one equation, as follows

:

(d) AgN03 + 2KCy = KAgCy2 + KN03.

[Hence 169.89 parts of AgNOg are equivalent to 130.22 parts

of KCy, or 1.3046 parts AgNOg = 1 part of KCy.]

Standard Solutions. — The solution most commonly used in

testing by this method is prepared by dissolving 13.0464 grams of

pure crystallized nitrate of silver in distilled water, and diluting

until the whole volume of the' solution is 1,000 c.c. Every c.c. of

this solution is equivalent to 0.01 gram KCy. Hence if we take 10

c.c. of the cyanide solution which is to be tested, every c.c. of

the silver solution added will represent 0.1 per cent, of 'free

cyanide.'

For testing dilute solutions, it will be more convenient to

prepare a standard silver nitrate solution of half this strength, i.e.,

containing 6,5232 grams of silver nitrate dissolved to a liter.

Every c.c, of this solution is equivalent to 0.005 gram KCy; hence

if we take 50 c.c. (a convenient quantity for dilute solutions) of

the Uquid to be tested, every c.c. of the standard AgNOg added

will represent 0.01 per cent. KCy.

If a decinormal solution of silver nitrate, however, be used,
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1 c.c. = 0.013022 gram KCy; hence if we take 13 c.c. of the

liquid to be tested, 1 c.c. N/10 AgN'03=0.1 per cent free cyanide.

Mode of Carrying Out the Test.—A measured volume (varying,

according to the strength of the solution to be tested, from 5 to

100 c.c.) is taken by means of a measuring column or pipette, and

transferred to a small flask or beaker, a small conical Erlenmeyer

flask being very suitable for the titration. The silver nitrate solu-

tion is now run in from a burette. If the strength of cyanide is

approximately known, the standard solution may be added rapidly

at first, finishing drop by drop. The flask should be placed in a

good light and the reaction observed against a dark background.

The foot of the burette-stand may be painted a dull black or well

rubbed with charcoal. It is sometimes found convenient to have the

burette-stand raised until the flask containing the solution to be

tested is about on a level with the eye, so that the finishing point

may be conveniently observed by looking through the liquid. With

pure solutions no difficulty will be found in observing the exact

point at which the solution in the flask becomes permanently

turbid.

Very strong solutions, such as contain 1 per cent KCy or over,

should be diluted with distilled water before testing, as otherwise the

silver cyanide may be precipitated in a granular form which dissolves

with difficulty in the excess of cyanide. (In some cases this granu-

lar precipitate seems to consist wholly or partially of carbonate of

silver.) Any difficulty in observing the finishing point due to this

cause may generally be obviated by the use of the alkaline iodide

indicator to be described below.

Solid Cyanide.—In testing samples of solid cyanide a certain

quantity (say 1 to 5 grams) is weighed out exactly in a stoppered

bottle, or weighing tube, and dissolved in a large quantity of dis-

tilled water. The solution is then made up to a definite volume,

say, a liter, and after thorough mixing, a measured portion (50 or

100 c.c.) is tested, as above described, with standard silver nitrate

solution. In this connection it is well to bear in mind that what

is determined by this and other methods of estimating free cya-

nide is not actually the potassium cyanide, but the cyanogen,

which may in reality be present as a sodium, calcium, ammonium
or other salt. This cyanogen being reported as its equivalent in

potassium cyanide, a sample of pure cyanide of sodium would

appear to contain over 132 per cent KCy.
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Turbid Solutions.—When the solutions are at all turbid, they

must be filtered, as the end-point cannot be observed with any ap-

proach to accuracy unless the liquid be perfectly clear. Solutions

occurring in ore treatment sometimes contain very finely divided

matter in suspension, which will pass through all ordinary filter

papers, and cannot be removed even by repeated filtration. In such

cases the liquid may generally be clarified, however, by the addi-

tion of lime, which causes a flocculation and settlement of the sus-

pended matter, and allows the liquid to be filtered perfectly clear.

With solutions free from zinc, and otherwise comparatively pure,

the use of hme for this purpose is admissible, but it is necessary,

after hme has been used for the above purpose, to add the potas-

sium iodide indicator described below, when a perfectly correct

titration of the free cyanide is required. When zinc is present,

the addition of Ume is inadmissible; the effect produced will be

discussed later under 'Estimation of Total Cyanide.'

Influence of Foreign Salts on Liebig's Method.

The method above detailed works admirably with pure cyanide

solutions, but gives very uncertain and inaccurate results in pres-

ence of some of the impurities which are generally introduced

during treatment of ores.

Zinc occurs chiefly as double cyanide of zinc and potassium,

perhaps also as a soluble double ferrocyanide of the same metals.

The finishing point is almost always obscure and indefinite, and

is, moreover, aifected by a variety of circumstances, which will be

discussed in detail later on.

Alkalis (hydrates, carbonates and ammonium salts) cause slight

errors, the apparent strength being generally in excess of the truth.

With free ammonia the error is considerable.

Ferrocyanides, thiocyanates and chlorides slightly interfere, also

rendering the results too high, but the error' is scarcely appreciable

unless excessive quantities are present.

Thiosvlphates (hyposulphites) render the titration quite errone-

ous, as they readily dissolve the cyanide of silver, so that the results

appear much higher than the truth.

Sulphides give an immediate black or brown coloration, which

obscures and entirely vitiates the result of the titration with silver.

The method of procedure when sulphides are present will be detailed

later.
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(Ai) Liehig's Method with Sodium Chloride as Indicator.

In Liehig's.original paper (Ann. der Chem. u. Pharm., 77, 102)

the addition of sodium chloride is recommended as an indicator, ap-

parently on the assumption that a precipitate of silver chloride will

occur immediately on adding a drop of silver nitrate in excess of the

amount required to convert all the cyanide into KAgCy, (or an

equivalent compound). It has been shown, however, by Gr. Deniges

(Ann. de Chim. et de Pharm., Series 7, Vol. VI., p. 381) that chlo-

rides cannot be precipitated by silver salts in presence of cyanides

such as KCy, etc., until after the complete precipitation of the

cyanides as AgCy. Since the same reactions take place whether

sodium chloride be present or not, it is evidently of no value as an

indicator.

(J5) Liehig's Method with the Potassium Iodide Indicator.

Neutral Iodide Indicator.

The use of potassium iodide as an indicator for the finishing point

of the reaction in Liehig's method is stated to have been suggested

originally by J. S. McArthur, and depends on the following con-

siderations :

(a) Iodide of silver is readily dissolved by free alkaline cyanides.

(6) Iodide of silver is almost absolutely insoluble in solutions

of alkaline hydrates, monocarbonates and ammonium salts, and

also in free ammonia, which latter dissolves cyanide and chloride of

silver easily.

(c) In a mixture containing cyanides, chlorides and iodides in

solution, the iodide will be precipitated in preference to the cyanide,

and the cyanide in preference to the chloride, on addition of silver

nitrate.

(d) The presence of a small trace of iodide of silver imparts a

yellowish tinge to the precipitate, which makes the exact finishing

point somewhat more distinct.

When the iodide indicator is used, the successive reactions occur-

ring on addition of silver nitrate appear to be as follows:

Momentary formation of silver iodide, where AgNOg is locally in

excess,

(a) AgNO, + KI = Agl + KNO3.
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This dissolves on agitation, so long as the liquid contains an excess

of cyanide:

(h) AgI + 2KCy = KI + KAgCy,.

Precipitation of silver iodide, when no more free cyanide is pres-

ent, the precipitate remaining permanent on agitation, and showing

a faint yellow tinge

:

(c) AgNOa + KI = Agl + KNO3.
This latter reaction occurs in preference to the reaction

AgN03 + KAgCy, = 2AgCy + KNO3
so long as potassium iodide is present.

G. Deniges (Ann. de Chim. et de Pliarm., Series 7, Vol. VI.,

p. 381) describes the following experiment, which throws consider-

able light on the reactions of silver with cyanides and haloid salts

:

Twenty c.c. of 1 per cent potassium cyanide were taken in each

case and mixed with

(a) 0.5 gram sodium chloride.

(6) 0.5 gram potassium bromide.

(c) 0.5 gram potassium iodide.

Sufficient silver nitrate was added to each to give a slight precipitate.

This was dissolved by 1 c.c. of the cyanide solution, and then silver

nitrate solution again added in quantity equal to that originally

used. The precipitate, after washing, was examined in each case,

and showed the following composition:

(a) Exclusively silver cyanide.

(&) Silver cyanide with a very little silver bromide.

(c) Exclusively silver iodide.

It will be seen that the use of this indicator corrects any error

that might arise from the presence of alkali or ammonia. It will

also be evident that chlorides or bromides would be useless as indi-

cators.

The test is generally made by adding a few drops of a strong (say

10 per cent) solution of potassium iodide to the liquid which is to

be titrated. I have generally found it more convenient to add to

each test from 5 to 10 c.c. of a neutral 1 per cent solution of po-

tassium iodide.

Correction of Errors.—Any errors introduced in the titration as

made without indicator, owing to the presence of alkalis, ammonia,

ammonium salts, chlorides, ferrocyanides or thiocyanates, are more

or less corrected by the addition of iodide indicator. (See tables of

results.)
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Titration in Presence of Zinc.—In solutions containing little or no

free alkali, a whitish turbidity (ZnCja) forms at a certain stage,

and increases on addition of more AgNOg. The yellow precipitate

of Agl, momentarily formed, is dissolved on agitation until a further

point is reached, at which a faint yellow tint becomes permanent.

In exactly neutralized solutions {i.e., solutions containing no alka-

line hydrates or monocarbonates), the first appearance of a distinct

whitish turbidity indicates the free cyanide. [In strongly alkaline

solutions the white precipitate either does not remain permanent

on agitation or only forms towards the end of the titration, and the

final yellow tint indicates the so-called total cyanide, i.e., the equiva-

lent, in terms of KCy, of the cyanogen present as simple cyanides,

together with that as KjZnCy^. This matter will be fully treated

under 'total cyanide.'] The method of obtaining an exactly

neutralized solution will be given in discussing the determination

of 'protective alkali.'

Titration in Presence of Copper.—^When the solution contains a

double cyanide of copper and an alkali metal, the indication ob-

tained with the iodide indicator is much lower .than without it.

The number obtained with the iodide appears to correspond with

the actual free cyanide present. Without the indicator a portion of

the cyanogen of the double salt is also determined. This case' may

also be more conveniently treated under 'total cyanide.'

Alkaline Iodide Indicator.—The addition of a strong solution of

caustic potash or soda, together with potassium iodide, has been in

general use for some time past for estimating 'total cyanide' and

appears to have been independently suggested by Bettel and Goyder

in 1895. The reactions will be discussed under 'total cyanide.'

G-. Deniges in 1893 published a method of estimating silver by

adding an excess of standard potassium cyanide, and determining

the excess by titrating with N/10 silver nitrate, ^ith addition of

ammonia and potassium iodide, until a faint cloud of silver iodide

is formed. In a further investigation published in 1897 {Ann. de

Chim. et de Pharm., Series 7, Vol. VI., p. 381), he recommends this

method for the estimation of cyanogen, stating that the finishing

point is much sharper than that obtained in Liebig's original

process, or even than that obtained by the use of neutral potassium

iodide as indicator. The granular precipitate sometimes observed

in titrating cyanide solutions, especially towards the finish, does not

occur, or is rapidly redissolved in presence of ammonia.
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W. J. Sharwood {Journal, Amer. Chem. Soc., 1897, p. 400) gives

a detailed account of the application of this process in the titration

of impure solutions, and recommends as indicator 5 c.c. of commer-

cial ammonia with 2 c.c. of 5 per cent potassium iodide, to be added

to each test, taking 25 to 100 c.c. of the cyanide solution to be ex-

amined. For smaller quantities of cyanide solution he uses 1 c.c.

each of ammonia and iodide. The indicator may, of course, be

made up in a single solution.

I generally use an indicator made by dissolving 10 grams of

potassium iodide in 500 c.c. of ordinary ammonia solution, and

diluting to 1,000 c.c. For each test 5 to 10 c.c. of this indicator

are added to 50 c.c. of the liquid to be titrated.

In presence of zinc this method serves practically for the determi-

nation of 'total cyanide.' Sharwood states, however, that the am-

moniacal iodide indicator always gives somewhat low results in the

titration of solutions containing K^ZnCy^, unless caustic alkali be

added as well.

The alkali or ammoniacal iodide indicators also correct any errors

due to ferrocyanides, sulphocyanides, chlorides, hydrates and

ammonium salts. The error introduced by the presence of thio-

Bulphates is much diminished, but does not appear to be entirely

eliminated. The extent of these errors, and the use of the indicator

in correcting them is clearly shown in the following tables.

Tests iLLUSTRATiNa the Influence of Alkalis on the Titra-

tion OF Cyanide with Silver Nitrate, and Correction

OF THE Error by Potassium Iodide Indicator.

No. 1.

—

Hydrates.

Solutions used.

(a) Pure cyanide, 0.47^ KCy, containing alkali equivalent to

0.006% XaOH.

(&) Sodium hydrate, alkalinity to phenol phthalein equivalent

to 3.84% NaOK
(c) Potassium iodide (neutral), 1% KI.

(d) Silver nitrate, 0.652% AgNOg. 1 c.c. = 0.005 gram KCy.
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Details of Test.

Volume of cyanide solution (a) in each titration = 10 c.c.

Weight of cyanide in portion tested = 0.047 gram.
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The error (in absence of iodide) is thus seen to be much more

serious with ammonia than with sodium hydrate.

No. 3.

—

Sodium Carbonate.

Solutions used.

(a) Pure cyanide, 0.465% KCy.

(6) Sodium carbonate, 10% (from anhydrous NajCOa).

(c) Potassium iodide (neutral), 1% KI.

Id) Silver nitrate, 0.652% AgNOg; 1 c.c. = 0.005 gram KCy.

Details of Test.

Volume of cyanide solution (a) in each titration = 10 c.c.

Weight of cyanide in portion tested = 0.0465 gram.
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(c) Potassium iodide (neutral), 1% KI.

(d) Silver nitrate, 0.653% AgNOg (1 c.c. = 0.005 gram KCy).

Details of Test.

Volume of cyanide solution (a) in each titration = 10 c.c.

Weight of cyanide in portion tested = 0.0715 gram.
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From these tests it appears that the presence of ammonium chlo-

ride causes the apparent strength of cyanide to be higher than the

truth when the solution is titrated without indicator. When
neutral KI is added, however, the result is lower than the truth,

owing probably to volatiHzation of ammonium cyanide, and

the finish. With ammonium carbonate the results in presence of

KI were also somewhat lower than the truth, but the error was less

than in the case of the chloride. Addition of sufficient caustic

alkali or ammonia, together with the iodide, corrects this error, as

seen in the following tests

:

Cyanide solution (a) used in each case = 10 c.c.

Weight of KCy in portion tested = 0.047 gram.

Volume of NH^Cl solution (&) in each case = 20 c.c.

Weight of NH4CI in portion tested =z 1,068 grams.

Alkali Added.

4 c.c. 3.85% NaOH
5 c.c. NH4OH (107o of strong)
Excess of ammonia

Volume
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II.—SULTHOCYANIDES (ThIOCYANATEs).

Test No. 1.

Soluiions used.

(a) Potassium cyanide, 0.4% KCy.

(6) Ammonium sulphocyanide, 0.5% NH^CyS.
(c) Potassium iodide (alkaline), 1% KI, 4% XaOH.
Id) Silver nitrate, AgXOg 0.652% (1 c.c. — 0.005 gram KCy).

Details of Test.

Cyanide solution (a) taken for each titration ^ 10 c.c.

Weight of cyanide in portion tested = 0.04 gram.
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Tests Illustrating the Influence of Thiosulphates (Hypo-
sulphites) ON the Titration of Cyanides with

Silver Nitrate.

Solutions ttsed.

(a) Cyanide, 0.286%.

(6) Sodium thiosulphate (N'/IO), Xa2S203.5H20 = 2.48%.

(c) Potassium iodide (neutral), 1% KI.

(d) Potassium iodide (alkaline), ,4% NaOH, 1% KI.

(e) Potassium iodide (ammoniacal), 1% KI.

If) Silver nitrate, 1 c.c. = 0.005 gram KCy; AgNOa, 0.652%.

Details of Test.

Cyanide solution (a) taken for each titration = 10 c.c.

Weight of cyanide in each portion tested = 0.05 72 gram.
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flocculent precipitate of zinc ferrocyanide) the free cyanide, and

cyanide equal to 7.9 per cent, of the potassic zinc cyanide.

W. J. Sharwood (Engineering and Mining Journalj 1898, p.

216), also, adopts the same process and uses a few drops of a 5 per

cent ferrocyanide solution as indicator.

The value of this method, however, is more than doubtful, as

may be judged from the following remarks by Mr. Bettel {loc. cit,

p. 163), on the reactions taking place in presence of the zinc-double

cyanide

:

"On titration with nitrate of silver the end-reaction is painfully

indefinite If to a solution of potassic zinc cyanide

be added a small quantity of ferrocyanide of potassium and the^

silver solution run in, the flocculent precipitate of what I suppose to

be normal zinc ferrocyanide (ZUaFeCye) appears; the end-reaction

is fairly sharp, and indicates 19.5 parts of cyanide of potassium out

of the actual molecular contents of 130.2 KCy. If, however, an

excess of ferrocyanide be present, the flocculent precipitate does not

appear, but in its place one gets an opalescence which speedily turns

to a finely granular (sometimes slimy) precipitate of potassic zinc

ferrocyanide, KaZngFegCyia- This introduces a personal equation

into the analysis of such a solution, for, if the silver solution be

added rapidly, the results are higher than if added drop by drop,

as this ferrocyanide of zinc and potassium separates oiit slowly in

dilute solutions alkaline or neutral to litmus paper."

The finishing point, in presence of zinc, is also very seriously

affected by dilution, as shown by G. A. Goyder {Chemical News,

Vol. LXXII., p. 80). (See also below.)

Bettel's quantity ("cyanide equal to 7.9 per cent, of the potassic

zinc cyanide present") arises as follows: Assuming 247 as the

molecular weight of K2ZnCy4, and that, of this weight, 19.5 parts

are indicated by the test as free KCy, we have the proportion

:

19.5: 247:: 7.9: 100.

Dr. T. Kirke Eose (Metallurgy of Gold, 4th ed., p. 398), com-

menting on Goyder's observations as to the effect of dilution, quoted

below, remarks as follows: "Bettel's amount, 7.9 per cent of the

double cyanide, probably, therefore, corresponds only to one definite

concentration. The double cyanide is doubtless dissociated more or

less into 2KCy + ZnCyg in dilute solutions, and the potassium

cyanide set free is perhaps available, both to dissolve gold and to keep

silver cyanide remaining dissolved in the water in which it is not
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quite insoluble In any case it seems quite likely that the

free cyanide shown Jjy simple titration represents the cyanide avail-

able for the dissolution of gold, so that, from the practical point of

view, no new methods are necessary."

Considering the extreme indefiniteness of the indications generally

obtained in all attempts to estimate free cyanide in presence of

zinc, this last conclusion can hardly be accepted.

(D) Estimation of Free Cyanide hy Titration, as in Liehig's

Method, after Neutralizing AlTcali and Adding Potassium

Iodide.

In mixtures containing both zinc double cyanide and free cyanide,

two points may in general be observed on titrating with silver nitrate

in presence of potassium iodide: (a) The first appearance of a per-

manent (flocculent) whitish turbidity; (&) The appearance of a

distinct yellowish coloration or precipitate.

In strongly alkaline solutions the second point corresponds, as

will be shown later, with total cyanide.

In solutions containing no free alkali, or only moderate amounts,

it is decidedly lower than the amount required for total cyanide.

In solutions containing no free alkali, the first appearance of a

flocculent precipitate, in presence of potassium iodide, gives a read-

ing which is, in general, slightly higher than the theoretical contents

of the solution in free cyanide. The point is fairly definite, and

although not absolutely satisfactory, appears to be the most reliable

method so far described for determining this quantity in presence

of zinc. It is possible that an* actual dissociation of the K2ZnCy4

into KCy and ZnCyg may take place to some extent, and that the

test correctly indicates the free cyanide. In some solutions the

numbers obtained correspond closely with the theoretical values.

Neutralization of the Solution.—If the solution should contain

free alkali, it may be prepared for this test by the following pre-

liminary operations:

(t) A test is made for total cyanide by taking a measured

portion of the liquid, making strongly alkaline, adding KI, and

titrating with AgN'Og till a distinct yellow turbidity is produced.

(ii) Another portion of the original liquid is taken, and slightly

more than the amount of silver nitrate shown to be necessary by

the previous test is added, together with a slight excess of

potassium ferrocyanide. A few drops of phenol phthalein are added
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to the turbid liquid, and the mixture titrated (without filtering)

with N/10 acid, until the pink tint just disappears.

(iii) A third portion of the original liquid (say 50 c.c.) is

taken, and the amount of N/IO acid shown to be necessary by test

(w) is gradually added, with agitation, from a burette. Five c.c. of

neutral 1 per cent potassium iodide are then added, and the mixture

titrated with AgNOg until a distinct flocculent precipitate (white)

remains permanent after agitation and standing for about half a

minute. No notice need be taken of an obscure cloudiness which

may appear in the liquid at an earlier stage.

The following are some results obtained with solutions prepared

by mixing known volumes of simple cyanides, zinc double cyanides,

and other substances occurring in working solutions (ferrocyanides,

thiocyanates, chlorides, etc.).

Theoretical Contents.
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Carbonate of lead is probably the most convenient substance to

use, as it introduces no soluble salts which might interfere with the

subsequent titration. The solution to be tested is agitated with

small quantities of carbonate of lead (best freshly precipitated)

until further addition gives no black or brown coloration to the

liquid. After settling, the clear solution (or an aliquot portion of

it) is filtered off and tested in the ordinary way. The reaction is

as follows

:

PbCOg + K^S = PbS + K2CO3.

Litharge may be employed instead of carbonate of lead with al-

most equally good results.

If a soluble salt of lead be used, it will be necessary to take a

measured volume of the original liquid, add a slight excess of the

lead salt, make up to a definite volume, allow to settle, and filter

off an aliquot part. If lead acetate be employed it is necessary to

remove any excess by the addition of an alkaline carbonate before

finally making up to a definite volume, otherwise a portion of

cyanide might be precipitated as PbCys-

In case the finishing point should not be clearly defined, owing

to a faint turbidity appearing before the true finish, it is advisable

to add a little ammonia and potassium iodide before titrating with

silver nitrate.

(ii) Correction hy Means of Iodine.—W . J. Sharwood {Journal

Amer. Chem. Soc, 1897, p. 400) describes the following process:

"A promising method for the removal of sulphide was based on

the fact that a weak solution of iodine precipitates sulphur from

alkaline sulphides, this redissolving in a minute or two to form

thiocyanate, as the direct decomposition of potassium cyanide by

iodine under these conditions approximates to the reaction:

2I + KCN=KI + ICN
and with K^S and KCX together:

(1) 2I + K2S = 2KI + S

(2) S + KCN = KCNS
so that two atoms of iodine in either case decompose one molecule

of cyanide, and it seemed probable that the interference of small

quantities of sulphide could be corrected by adding a constant

amount (a slight excess) of a weak iodine solution and introducing

a correction for the amount of added iodine, which correction should

be independent of the amount of sulphide oxidized. A number of

preliminary experiments confirmed this, subsequent titration with
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AgNOg giving, with the correction, quite accurate determinations

of the cyanide taken, when the amount of sulphide was small and

other reducing agents were absent;* with larger proportions of

sulphide an appreciable error was introduced, the extent and varia-

tion of which were not determined."

In cases where the amount of sulphide is large or where other

reducing agents are also present, Sharwood recommends the follow-

ing : "Take twice the usual volume of solution, add some soda, then

sodium plumbite in very slight excess, shake well, make up to a

definite volume, filter, and use half the clear filtrate for titration,

rejecting the first few c.c. filtered. In presence of zinc, add a con-

siderable excess of caustic soda or potash."

Method No. 2.

Estimation of Free Cyanide by Means of a Solution of Iodine in

Iodide of Potassium.

This process depends upon the fact that when a solution of iodine

in potassium iodide is added to a solution of a simple cyanide, the

reddish-brown color of the iodine solution disappears so long as

the cyanide is in excess, since the reaction results in the formation

of an iodide of an alkali metal and cyanogen iodide, both of which

are colorless:

KCy + I, = KI + ICy.

The finish of the reaction is sharply marked by the permanence

of the yellowish tint in the solution under examination, after agi-

tation.

The end-reaction may be made even more distinct by using a drop

of the starch indicator prepared as follows:

One part of pure, fresh starch is rubbed into a thin paste with

a little cold water, then gradually poured into 150 to 200 times its

weight of boiling water, the boiling continued for a few minutes,

and the liquid then allowed to stand and settle. Only the clear

solution is used for the indicator. The finishing point is now

marked by the permanence of an intense blue or bluish-violet tint.

The starch solution does not retain its sensitiveness for long, and

must generally be freshly prepared. The substances sometimes

* ]t would apparently be simpler. In such cases, to determine the cyanide by
the 'iodine method' of Fordos and Gelis, rather than to complete the titration

by Lieblg's method.
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added to preserve it, e.g., caustic alkalis, zinc chloride and mer-

curic iodide, would be inadmissible for testing cyanide solutions.

An iodine solution, suitable for cyanide titrations, may be pre-

pared by dissolving 3.899 grams of chemically pure iodine and
about 6 grams of potassium iodide in a small volume of water,

and diluting with distilled water to 1,000 c.c. With this solution,

1 c.c. iodine = 0.001 gi'am KCy.
It is not necessary, in practice, to prepare chemically pure iodine,

as the solution may be very conveniently standardized by means of

a solution of pure potassium cyanide, the strength of which has been

accurately ascertained by Liebig's (silver nitrate) method. The
value of the iodine solution is thus made to depend on the accuracy

of the standard silver solution. For cyanide testing, this method

of standardizing is more convenient than the usual method with

standard thiosulphate, and probably quite as accurate, if not more

so, since nitrate of silver is easily obtained in a condition of great

purity.

The method of titration with iodine is described by Fordos and

Gelis {Journal de Chim. et de Pharm., 23, 48), and generally

ascribed to them, but the reaction on which it depends appears to

have been originally mentioned by Serullas and Wohler (Fresenius,

Quant. Anal., 7th ed., 1876, Vol. L, p. 375).

Limitations of the Method.—Tliis process is, of course, not ap-

plicable where other substances are present which are also capable

of reacting on iodine, but in some cases such interfering substances

may be removed, as described below.

The iodine method is useful in certain cases where the solution

is free from zinc, but turbid with suspended matter which cannot

conveniently be removed by filtration. With such a solution, titra-

tion with silver nitrate would be diflficult, if not impossible, as the

end-point could not be accurately observed. When the starch indi-

cator is used, the end-point with iodine is quite distinct, even in

turbid solutions.

In presence of the zinc double cyanide the finishing point is un-

certain and indefinite. A white precipitate occurs gradually at a

certain stage of the titration, probably consisting of zinc cyanide,

as follows:

KoZnCy^ + 21^ = ZnCj^ + 2KI + 2ICy.

The substances commonly occurring in cyanide solutions which

interfere with the iodine process are caustic alkalis, monocarbonates.
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ammonia, sulphides, thiosulphates, and probably most organic re-

ducing agents. Ferrocyanidcs, ferricyanides and thiocyanates (sul-

phocyanides) do not interfere. According to W. J. Sharwood,

small quantities of sulphides do not interfere, since the sulphur

liberated combines with an equivalent of cyanide. (See above.)

The procedure in presence of alkalis is described below.

Estimation of Free Cyanide by Iodine in Presence of Alkalis.

In the presence of alkalis the finishing point with iodine becomes

very indefinite, and, moreover, represents more than the amount of

free cyanide present.

It was originally recommended to add carbonic acid water (ordi-

nary soda water), in order to convert both hydrates and mono-

carbonates into bicarbonates, for example

:

KOH + CO2 = KHCO3.
K2CO3 + CO2 + H2O =z 2KHCO3.

Since bicarbonates have no action on iodine, the solution may
now be titrated by standard iodine, and the amount of cyanide cor-

rectly determined.

Bettel {Proceedings Chem. and Met. Soc. South Africa, Vol. I.,

p. 219) recommends adding 50 c.c. of ordinary soda water to the

solution to be tested, and titrating at once with decinorraal or centi-

normal iodine.

It is evident, however, that any excess of carbonic acid will de-

compose cyanide with liberation of hydrocyanic acid, thus

:

KCy + CO, + H,0 :^ KHCO3 + HCy,

though probably with dilute solutions, if titrated at once, the effect

of a small excess of CO2 would not be very noticeable.

However, the following method (Proceedings Chem. and Met. Soc.

South Africa, Vol. I., p. 205) gives accurate results, and avoids

the danger of loss from the use of excess of acid

:

To a measured volume of the solution silver nitrate is first added

until a permanent turbidity is produced, the exact amount added

being of no consequence. A drop of phenol phthalein is now added

to this somewhat turbid solution, and standard acid (for example,

N/10 H2SO,, HCl or HNO3) is added until the pink color just

disappears. The amount required represents, as will be shown later,

the quantity of acid necessary to convert hydrates into neutral salts,

and monocarbonates into bicarbonates, without any decomposition
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of cyanide taking place. If, no^v, we take a fresh measured volume

of the original solution and add to it, with agitation, the quantity

of dilute acid shown to be necessary by the previous experiment, we
obtain a solution which may at once be titrated with iodine.

Method Xo. 3.

Estimation of Free Cyanide by Means of a Solution of Mercuric

Chloride.

J. B. Hannay {Journal Chem. Soc., 1878, Vol. I., p. 245) de-

scribes this method for examination of commercial cyanides. It

depends upon the fact that when mercuric chloride is added to a

solution of free cyanide containing ammonia, the precipitate first

formed is redissolved as long as the cyanide is in excess, the reactions

being probably as follows

:

(a) Precipitation of white mercur-ammonium chloride:

HgCl^ 4- 2XH3 = XH.Cl + XH^HgCl.

(&) This precipitate dissolves, on agitation, as long as cyanide is

in excess.

XH^HgCl +XH,C1 + 2KCy = HgCy^ + 2KC1 + 2XH3.
(c) When no more free cyanide remains, further addition of

HgCL gives a permanent precipitate according to reaction (a).

Since, from these reactions, one molecule of HgClg-is equivalent to

two of KCy, 27.092 parts of mercuric chloride are required for

13.022 parts of potassium cyanide. Hence if a solution be

prepared containing 20.806 grams mercuric chloride per liter,

then 1 c.c. mercuric solution — 0.01 gram of KCy. The ordinary

N/10 solution of mercuric chloride contains 13.546 grams per

liter. Hence 1 c.c. of this = 0.006511 gram KCy.

The method of titrating is as follows (Sutton, Volumetric

Analysis, 8th ed., p. 217) :

"The vessel containing the solution to be tested is placed upon

black paper or velvet ; ammonia is then added in moderate quantity'

and the mercuric solution cautiously added, with constant stirring,

until a bluish-white opalescence is permanently produced."

Hannay states that alkaline sulphates, nitrates and carbonates,

caustic alkalis, cyanates and thiocyanates have no effect on the esti-

mation of cyanide by this method. He further states that if silver

nitrate be added, and then ammonia to dissolve the precipitate, if

any, the cyanogen may still be completely estimated by titration with
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mercuric chloride. Hence any cyanogen present in the solution as

KAgCya would be determined as free cyanide, a result which would

render the method useless for many practical purposes.

The finishing point is much less definite than in the silver nitrate

or iodine methods. I find that a solution of 1 per cent potassium

iodide and 4 per cent caustic soda makes a much better indicator

than ammonia, 1 c.c. of this indicator being added for every 10 c.c.

of cyanide solution taken for the test, the end-point being marked by

the permanence of a slight yellowish tinge.

Method No. 4.

Estimation of Free Cyanide by Means of an Ammoniacal Solution

of a Copper Salt.

This is merely a reversal of the well-known method for the esti-

mation of copper by means of standard potassium cyanide. A solu-

tion is prepared by adding ammonia to a pure solution of sulphate or

nitrate of copper until a clear, deep blue liquid is obtained. This is

standardized by running into a measured volume of pure cyanide

solution of known strength until a faint purplish tint remains per-

manent. An equal volume of the solution to be tested is then im-

mediately titrated in the same way. The strength of the standard

solution must be checked frequently against pure cyanide. I have

found it generally preferable to add the copper solution in slight

excess and determine the excess by means of the standard cyanide

solution.

This method is, of course, subject to the indefiniteness as to the

exact finishing point which characterizes the determination of cop-

per by this means. In presence of zinc the reading obtained

indicates much more than the free cyanide, but does not give the

whole of the cyanogen present as K2ZnCy4.

Method No. 5.

Estimation of Free Cyanide by Titration with Standard Acid.

Potassium cyanide is alkaline to most indicators, such as litmus,

phenol phthalein and methyl orange. Hence the amount of cyanide

in a pure solution may be estimated by simple titration with an acid

until the completion of the reaction, e.g.,

2KCy + H2SO4 = K^SO, + 2HCy.
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In the case of litmus and phenol phthalein, the finishing point

is not quite sharp, as the indicators are affected to some extent by
the hydrocyanic acid liberated during the titration. With methyl

orange tolerably accurate determinations may be made. When
alkaline hydrates and carbonates are present these must be separately

determined and a correction made. This matter will be fully dis-

cussed in treating of the estimation of alkalis in cyanide solutions.

Bicarbonates are alkaline to methyl orange, but neutral to the other

indicators. It may here also be remarked that the double cyanide of

zinc and potassium is completely alkaline to methyl orange, and

partially to phenol phthalein.

The method cannot be recommended for practical use owing to

the numerous corrections necessary, but Goyder (Chemical News,

Vol. LXXII., p. 81) has attempted to apply it as follows:

"The titration is made by measuring 100 c.c. of sump solution, or

solution after passing through the tailings into a stoppered bottle,

adding 1 c.c of 1/20 per cent phenol phthalein, and running in

N/10 hydrochloric acid till the pink color is destroyed."

1 c.c. N/10 acid = 0.0065 gram KCy.

John Longmaid (Engineering and Mining Journal, May 11,

1895, p. 435) describes an experiment which shows that under cer-

tain conditions a solution which has passed through a charge of ore

may become perfectly neutral to phenol phthalein while still appear-

ing to contain large amounts of free cyanide. The experiment,

however, is inconclusive, as nothing is said as to the nature of the

foreign salts present in the solution after use, and this solution may
easily have contained considerable quantities of hydrocyanic acid.

The writer's contention that the alkalinity of cyanide solutions

towards phenol phthalein is due to a trace of caustic potash is im-

tenable, since the percentage of cyanogen may be quantitatively de-

termined in pure solutions by means of N/10 acid and phenol

phthalein. (See Appendix, page 161.)

SECTION 2.

Estimation of Total Cyanide.

For the purpose of this investigation, the term 'total cyanide'

will be used to indicate the equivalent in potassimn cyanide of all

the cyanogen existing in the form of simple cyanides, hydrocyanic
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acid and the double cyanides of zinc. In one of the methods

to be described, the cyanogen present in certain other easily-

decomposed double cyanides would likewise be included, e.g.,

those of silver and mercury. Methods in which the cyanogen

present as ferrocyanides, ferricyanides and sulphocyanides (thio-

cyanates) is also included will be discussed later under ' Estima-

tion of Total Cyanogen.'

The chief methods proposed are:

1. Titration with silver nitrate after addition of an excess of

caustic alkali.

2. Titration with iodine in presence of an excess of ferro-

cyanide.

3. Titration with silver nitrate after decomposition of double

cyanides by means of alkaline sulphide.

Method No. 1.

Estimation of Total Cyanide by Titration with Silver after Addi-

tion of Excess of Caustic Alkali.

When a sufficient quantity of caustic alkali has been added to a

solution containing zinc double cyanide, simple cyanides of the alkali

and alkaline earth metals, or hydrocyanic acid, the whole of the

cyanogen existing in all or any of these forms may be determined

by titration with silver nitrate. To obtain accurate results it is neces-

sary to use the potassium iodide indicator* The amount of caustic

alkali to be added will, of course, depend on the amount of zinc

present, but an excess is of no consequence. Usually about 10 c.c.

of normal NaOH will be sufficient. For regular use it is convenient

to employ an indicator consisting of 4 grams NaOH and 1 gram KI
dissolved to 100 c.c. in distilled water. From 5 to 10 c.c. of this

solution are added for each test. The finishing point is generally

quite sharp and definite, and is shown by a permanent yellowish

tint. In some cases, as pointed out by L. M. Green (Inst. Min. and

Met., October 17, 1901), a white cloudiness occurs before the true

finishing point, probably due to precipitation of zinc ferrocyanides.

I find that in most cases this may be entirely prevented by the addi-

tion of a little ammonia. So far as I have been able to ascertain,

this method, which is undoubtedly the best for determining total

cyanide in practice, was suggested by the observation of W. R. Feldt-
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mann (Engineering and Mining Journal, Vol. LVIII., 1894, pp.

218-219) that "addition of alkali to working solutions which have

become somewhat weak in alkali brings up the strength by regener-

ating {i.e., decomposing) the zinc cyanide, so that, as a matter of

fact, when the solutions are pretty strongly alkaline they contain no

zinc as cyanide, but only as hydrate dissolved in alkali (zincate of

^potash, etc.)." This explanation is probably erroneous, as will be

shown below, but it is very probable that it suggested the methods

described almost simultaneously by G. A. Goyder (Chemical News,

Vol. LXXIL, p. 80) and W. Bettel (Proceedings Chem. and Met.

Soc. South Africa, Vol. I., p. 165), in both of which the addition

of potassium iodide is recommended.

Goyder proceeds as follows: "Ten c.c. of 5 per cent XaOH is

mixed with 20 c.c. of the sump solution. If a precipitate is formed,

15 c.c. of the mixture is filtered off and titrated, after addi-

tion of potassium iodide, with standard silver solution" (15 c.c.

solution). He says, further, that the percentage thus obtained indi-

cates cyanogen present as free cyanide, zinc double cyanide, and

some other double cyanides, but does not include ferrocyanides or

the double cyanides of mercury or copper.

Bettel adds caustic alkali in excess (a few c.c. of normal caustic

soda) to 50 c.c. of the solution to be tested, and a few drops of a

10 per cent solution of potassic iodide, and titrates to opalescence

with AgNOg. This gives free cyanide, hydrocyanic acid, and double

cyanides such as zinc potassium cyanide, but not ferrocyanides or

sidphocyanides.

W. J. Sharwood (Journal Amer. Chem. Soc., 1897, pp. 400-434)

discusses this method of titration in detail, and says: "If zinc be

present, a large excess of alkali should be added; in this case the

cyanogen found represents not only the potassium cyanide, but also

the double zinc compound. By estimating the zinc, the amount of

free potassium cyanide may be readily calculated as 1 part of zinc

corresponds with 4 parts of potassium cyanide. A similar allowance

must be made if small quantities of copper are present. If calcium,

magnesium or manganese are present, ammonium chloride must be

added, whilst soda is used in presence of aluminium or lead." He
also recommends the addition of ammonia (Engineering and Mining

Journal, 1898, p. 216) : "Total cyanogen was obtained by continu-

ing the titration with silver after addition of caustic soda and a little
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ammonia and potassium iodide; this, however, does not include

cyanogen in double cyanides of copper, silver, gold and mercury."

Nature of the Reaction in Presence of Zinc.—The precise nature

of the reaction taking place when caustic alkalis are added to solu-

tions containing zinc double cyanide has given rise to much discus-

sion. According to Feldtmann's observations, quoted above, it

should, apparently, be:

K,ZnCy, + 4K0H = Zn(0K)2 + 4KCy + 2H2O.

As, however, the reverse reaction undoubtedly takes place, it seems

uncertain whether free potassium cyanide and potassium zincate

can coexist in the same solution.

Goyder {Chemical News, Vol. LXXIT., p. 80), commenting on

Feldtmann's observation, remarks : "But I believe that caustic alkali

is never added in large excess to the lixiviating solutions, and when

added in small quantities the double decomposition would not be

complete, and its amount could only be calculated by applying the

laws of chemical mass-action after finding the relative proportion of

the double cyanide of zinc and potassium to caustic alkali, and the

velocity of combination of the resulting salts. As, in practice, this

problem is complicated by the presence of the double salts and caus-

tic potash, as well as other salts, its solution is probably impossible.

It may, however, be taken for granted that when caustic alkali is

added to a solution of double cyanide of potassium and zinc in

molecular proportions, the resulting solution will, after a little time,

contain zincate of potash, cyanide of potassium and the double salt."

Bettel {Proceedings Chem. and Met. Soc, South Africa, Vol. I.,

p. 167) also gives the reaction between zinc double cyanide and

caustic alkali as above, and also the analogous reaction for alkaline

carbonates

:

K^ZnCy^ -f 4Na,C03 + 2US) =
2KCy + 2NaCy + Zn(NaO)2 -f 4NaHC03.

J. S. C. Wells, however {Engineering and Mining Journal, Vol.

LX., p. 584), states definitely that K2ZnCy4 is not decomposed

by alkali into free KCy and potassium zincate.

Charles J. Ellis {Journal Soc. Chem. Ind., January 28, 1897,

p. 117) remarks as follows:

"I have proved the following reactions to take place on adding

silver nitrate to a solution of double zinc cyanide in absence of

free alkali:
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ZnCy2-2KCy + AgNOg = AgCyKCy + KNO, + ZnCy^, and
ZnCy2-2KCy + 2AgX03 = 2AgCy + 2KNO3 + ZnCyj."

[I may here mention that I have on several occasions verified

this observation. The precipitate formed by adding to a solution

of KjZnCyi half the amount of silver nitrate required for determi-

nation of total cyanide by the process under discussion, when
collected and carefully washed, was found to consist exclusively

of zinc cyanide ZnCyj.]

" We may suppose the following reactions to take place simul-

taneously in presence of caustic alkah

:

(a) 2| ZnCy2-2KCy } + 2AgN03 = 2AgCyKCy + 2KNO3 + 2ZnCy2.

(6) 2ZnCy2 + 4K0H = ZnCy2-2KCy + ZnOKjO + 2H2O.

The potassic cyanide portion of the double zinc cyanide, re-formed

as in (6) being acted upon further by the silver salt as in (a), this

going on until all the zinc is brought into the form of zinc-potassie

oxide."

The observations of Wells and Ellis show that it is not at all neces-

sary to assume any such decompositions as those given by Feldtmann,

Goyder and Battel. The formation of zincate may be considered

as taking place only on addition of sufficient silver nitrate, the entire

reaction being expressible as follows

:

KsZnCy^ + 4K0H -f SAgNOg =
2KAgCy, + Zn(0K)2 -f 2KXO3 + 2H2O.

Or, in the case of carbonates,

KjZnCy^ -f 4Xa2C03 + 2AgX03 -f 2H.0 r=
' 2KAgCy, + Zn(0N^a)2 + 2XaX03 + 4NaHC03.

Bettel gives the following equation, in absence of caustic or car-

bonated alkalis

:

20K2ZnCy^ + SAgXOg =
SKAgCy^ H- 3KNO3 -f 2[(ZnCy2),o(KCy)„].

Disturbing Factors in the Titration of Solutions Containing Zinc.

—G. A. Goyder {Chemical News, Vol. LXXII., p. 80) makes the

following remarks on titration in presence of zinc cyanide

:

"In titrating the sump solutions which contain much of their

cyanogen as the double cyanide of zinc and potassium, the end-

reaction was not only ill-defined, but the quantity of nitrate of silver

required to produce a permanent turbidity increases with dilution,

with the temperature, and also with the amount of simple cyanide

added to a greater extent than was calculated, ... A cold

sump solution to which nitrate of silver has been added to
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permanent turbidity always clears on being heated. As regards the

indefiniteness of the reaction, a sample of sump solution was divided

into three equal portions. To No. 2 an equal volume and to No. 3

two volumes of distilled water were added, and these were given

to an expert well acquainted with the process, but not knowing how

the solutions were made up to test. He reported that No. 1 con-

tained 0.04 per cent. No. 2, 0.05 per cent and No. 3, 0.04 per cent of

simple cyanide." A solution which, when tested, appeared to con-

tain 0.02 per cent was strengthened by the addition of more cyanide

until it should, by calculation, have contained 0.09 per cent. The

actual test, however, indicated a strength of 0.15 per cent.

The indication in presence of zinc, when an excess of alkali is not

added, thus appears to be a function, not only of the free cyanide,

but also of (a) the degree of dilution; (&) the temperature; (c) the

rate of titration; (d) the amount of zinc present; (e) the amount

of ferrocyanide present.

In a given solution, provided it can be obtained perfectly clear,

it is possible to distinguish the following indications with silver

nitrate

:

1. The first indication of a flocculent precipitate, on titrating a

measured quantity (undiluted) with AgNOg without indicator.

This can be observed, although with some difficulty, with a pure

solution of K2ZnCy4.

2. The indication in presence of neutral potassium iodide—gen-

erally slightly higher than No. 1.

3. The indication in presence of a slight excess of ferrocyanide.

4. The indication with excess of caustic alkali and potassium

iodide.

5. The indication with ammonia and potassium iodide.

To these might be added

;

6. The indication with neutral potassium chromate as indicator.

This will be discussed later.

Titration of Cyanide in Solutions Containing Copper.—Accord-

ing to the observations of Goyder and Sharwood (quoted above) any

cyanogen existing as double cyanide of copper and potassium will

not be determined at all when the potassium iodide indicator is used.

A marked difference is observed in the result, according as potassium

iodide is added or not. This matter has been discussed in consider-

able detail by W. H. Yirgoe (Proceedings Inst. Min. and Met., Vol.,

X., p. 102) and myself (Journal Soc. Chem. Ind., Vol. XIX.,
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p, 14). Hence it appears that, when titrated without addition of

potassium iodide, a certain proportion of the cyanogen of the

copper salt is determined as though it were free KCy. The

amount so determined is increased by dilution or addition of alkalis.

In solutions containing no free alkali, about 3/14 of the total cyanide

of the copper salt is determined by titration with AglSTOg without

indicator (assuming that no portion of it is determined by titration

in presence of KI). The end-point in presence of the iodide is

slightly affected by dilution, but is not altered by the presence of

alkali. The average of a large number of experiments showed that

3.5 parts of KCy are consumed (or at least rendered incapable of

reacting with silver nitrate in presence of KI) for every part of

copper dissolved, when the copper salt is prepared with precau-

tions to prevent loss of cyanogen.

A tentative explanation of these reactions may be based on the

assumption that cuprous cyanide, CuaCyz, forms molecular com-

pounds with KCy. Thus we may suppose the reaction of cyanide

on cupric hydrate to be as follows:

2Cu(HO)2 + 7KCy = 4KCyCu2Cy2 + KCyO + 2K0H +H2O
When silver nitrate is added to the solution of this double

salt, a portion only of the combined potassium cyanide is ca-

pable of reacting to form the soluble double cyanide of silver:

4KCyCu,Cy2 + AgNOg = KAgCy^ + 2KCy.Cu,Cy2 + KNO3
Silver nitrate thus indicates f of the total cyanide combined

with copper; on adding excess of silver nitrate, according to W. H.

Virgoe [Trans. Inst. Min. and Met. X. 139], a further reaction

occurs as follows :
—

2KCy.Cu,Cy2 + AgNOg = KAgCy^ + Cu^Cy^ + KNO3
When, however, potassium iodide is added, a precipitate of

silver iodide occurs before any of the copper salt is decomposed,

hence, none of the cyanide combined with copper is indicated in

presence of KI.

Addition of water or alkali apparently renders further quan-

tities of cyanide in the copper salt accessible to silver nitrate

(in absence of KI).

Method No. 2.

Estimation of Total Cyanide by Means of Iodine in Presence of

an Excess of Ferrocyanide.

As already pointed out, the indications of the iodine method of

Fordos and Gelis are indistinct and unreliable for the determination
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of free cyanide in presence of zinc. The total cyanide {i.e., the

equivalent of the cyanogen as KCy and KgZnCy^, calculated as KCy)
may be determined, however, with tolerable accuracy by the follow-

ing modification of this method

:

After removing the excess of alkali by addition of the requisite

quantity of dilute acid (determined as explained above), the solution

is mixed with a moderate excess of potassium ferrocyanide. On
titrating the resulting mixture with a standard solution of iodine in

potassium iodide, the whole of the free cyanide, together with the

equivalent in KCy of all the cyanogen present in combination with

zinc, is indicated, the end-point being fairly sharp and definite. In

this reaction the zinc appears to be precipitated as ferrocyanide.

The following equation is suggested:

2ZnK,Cy, + K.FeCy^ + 81, =
Zn,FeCye + SKI + 8ICy.

This method was found in some cases to yield very accurate results.

It cannot, of course, be applied in presence of other bodies capable

of reacting on iodine. (Chemical News, Vol. LXXII., p. 227.)

Method No. 3.

Estimation of Total Cyanide after Precipitation of the Metals with

Alkaline Sulphides.

This method (Chemical News, Vol. LXXI., p. 274) depends on

the facts: (a) That certain metallic cyanides, such as zinc double

cyanide, K2ZnCy4, silver double cyanide, KAgCyg, and mercuric

cyanide, HgCyg, are decomposed by sulphuretted hydrogen or an

alkaline sulphide, with precipitation of the metal as sulphide.

(b) That the excess of sulphide may be removed, without affecting

the cyanides by the addition of insoluble compounds of lead, such as

the oxides and carbonates, or soluble alkaline salts, such as the

plumbates, double tartrates, etc.

In the case of zinc, the precipitation is not perfect, owing to the

slight solubility of zinc sulphide in alkaline cyanides, but the result

is sufficiently close for most practical purposes.

With silver the precipitation is so complete that the method might

be used for the quantitative estimation of silver in cyanide solutions,

cyanide being liberated (as free KCy) in exact proportion to the

silver precipitated.
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The copper double cyanides are generally supposed not to be de-

composed by soluble sulphides, but in dilute solutions the copper is

precipitated to a small extent.

The method is as follows:

The solution to be tested is mixed with a slight excess of a pure,

fairly concentrated solution of sodium sulphide, well shaken, and

allowed to stand until the precipitate has subsided. A little lime

may be added to assist the settlement, in which case the liquid may
be filtered without difficulty. A definite volume is taken; e.g., if

the cyanide solution originally taken measured 100 c.c, it is made up

by addition of alkali solution, sodium sulphide and water to 200 c.c,

and of this, 100 c.c. are removed by filtration. This portion is

agitated with litharge or carbonate of lead, which is best added in

small quantities at a time, with constant agitation, until a drop of

the filtered liquid fulfils the following conditions:

(a) Does not give the slightest black or brown coloration with a

drop of a solution of a lead salt. A perfectly white precipitate of

lead cyanide should be produced. Lead tartrate (dissolved in alkali)

gives no precipitate with cyanides. (6) Gives no precipitate with

sodium carbonate, (c) Gives no precipitate with alkaline sulphides.

A brown coloration may be produced, probably owing to the solution

of a small quantity of the lead compound in the alkaline liquid.

When these conditions are fulfilled, a definite volume is again

filtered off, say, 50 c.c, which in this case would represent 25 c.c.

or one-quarter of the original cyanide solution. This is titrated

with silver nitrate in the usual manner—best with addition of potas-

sium iodide. It often happens that a slight granular precipitate

is observed towards the finish, and it is necessary to add the last

few drops of silver nitrate slowly, with agitation. The end-point

may be made, however, perfectly definite by the addition of am-

monia and potassium iodide.

It is to be particularly observed that this method indicates the

cyanogen present as KAgCyj (which is not shown by titration with

AgXOa with alkaline iodide indicator), in addition to free KCy and

KCy as K.ZnCy,.

When an excess of ferrocyanide is present, the zinc is not precipi-

tated, or only to a slight extent, by addition of sulphide ; if, however,

the liquid be made strongly alkaline by the addition of caustic soda,

and well shaken, the zinc is almost completely converted into sul-

phide. In some other cases, also, the zinc fails to precipitate iimne-
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diately, but the precipitation generally takes place on agitation,

especially if the liquid be made alkaline.

A. .F. Crosse {Journal Chem. and Met. Soc. South Africa, Yol.

III., p. 164) states that the precipitation of zinc from KaZnCy^
by means of alkaline sulphides is incomplete in the cold, but prac-

tically complete at 65° C.

Experiments on the Estimation of Cyanogen in Compound
Cyanides after Addition of Alkaline Sulphide.

In the following tests, known quantities of silver nitrate were

added to a measured quantity of cyanide solution of known strength,

then sodium sulphide added until the silver salt was partially de-

composed, the mixture made up to a definite volume, filtered, and

the cyanide strength determined by titration i^^ith silver nitrate.

Test No. 1.

Mixture taken.

Potassium cyanide, 1.4% KCy 50 c.g

Silver nitrate, 1.304% AgNOg 25 c.c.

Sodium sulphide, 0.27% NasS 5 c.c.

Water 20 c.c.

100 c.c.

Theoretical Contents.
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Test No. 2.
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Mixture taken.

Potassinin cyanide, 1A% KCy 50 c.c.

Silver nitrate, 1.304% AgXOg 25 c.c.

Sodium sulphide, 0.27% XajS 15 c.c.

Water 10 c.c.

100 c.c.

Theoretical Contents.

After
adding: NajS

Grams.

Free cynnide "
•

KCy equivalent of KAgCyj

Total cyanide

Result of Titration.

Volume of
mixture taken.

c.c.
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Theoretical Contents.
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Theoretical Contents.
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Before
adding Na^S

Grains.

Aft«r
adding NajS

Grams.

Free cyanide
KCY equivalent of KjZnCyi
KC>y equivalent of KAgCy^.

Total cyanide

0.15
0.40
0.15

O.TO

0.261

0.40]
0.04

0.66

0.70

Result of Titration.
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Result of Titration.
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Test No. 7.
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A solution was prepared having the following theoretical composi-

tion:

Free cyanide, KCy 0.2%

KCy equivalent of KzZnCy^ 0.2%

Total cyanide (as KCy) 0.4%

Ferrocyanide (as K^FeCye'SH^O) 0.2%

Thiocyanate (as KCyS) 0.04%

Bicarbonate (as NaHCOg) 0.39%

Carbonate (as Na^COg) 0.06%

Chloride (as NH.Cl) 0.1%

The zinc was added in the form of zinc sulphate (solution con-

taining 0.5 per cent Zn).

(a) Test for total cyanide by direct titration with silver nitrate,

using alkaline iodide indicator, showed 0.4 per cent KCy.

(b) Tests were made by taking 50 c.c. of the above mixture, and

adding excess of sodium sulphide. No precipitate of zinc sulphide

occurred until the liquid was made strongly alkaline by adding lime

and agitating.

The mixture was made up to 100 c.c, filtered, the filtrate agitated

with 1 gram of lead carbonate, and again filtered, then tested with

AgNOg and alkaline iodide indicator.

Volume of
origrinal solu-
tion taken.

c.c.
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ferricyanides, sulphocyanides, cyanates and isocyanates. Some of

the methods here described are not actually universal, but the sub-

stances excepted (of which the cyanogen cannot be determined by
the process in question) are of unusual occurrence in practice.

The methods detailed below are

:

1. The volumetric method of Vielhaber, by titrating with silver

nitrate and potassium chromate indicator.

2. Gravimetric method with silver nitrate and nitric acid.

3. Gravimetric method with silver nitrate and ammonia.

4. Gravimetric method with oxide of mercury.

5. The total cyanogen may also be determined by estimating

the carbon and nitrogen obtained in the ultimate analysis of the

compounds by the methods of organic analysis, for which refer-

ence must be made to works on that subject.

Method No. 1.

Estimation of Total Cyanogen by Titration with Silver Nitrate,

Using the Chromate Indicator.

This process, described by Veilhaber (Arch. Pharm. [3], XIII,

408), is merely an adaptation of the ordinary volumetric method

of estimating chlorides devised by Mohr. Chlorides are, of course,

estimxated along with the cyanogen compounds, and when present

must be separately determined.

The method is as follows

:

Two or three drops of a saturated solution of neutral (yellow)

potassium chromate, K2Cr04, are added to the solution to be titrated,

and the standard silver solution run in until a faint reddish tinge

appears and remains permanent on shaking. With a pure solution

of a simple cyanide, twice as much silver nitrate solution must be

added as in Liebig's method, in order to obtain the reaction, since

the indication with chromate does not occur until the whole of the

cyanide has been precipitated, as folloAvs

:

(a) 2KCy + AgNO, - KAgCy^ + KNO3,
(b) KAgCy^ + AgN03 = SAgCy + KNO3

;

after which (in the absence of chlorides and other cyanogen com-

pounds) red silver chromate is precipitated as follows:

(c) K^CtO, + SAgNOg = AgoCrO, + 2KNO3.
The solution must not contain any considerable amount of free

alkali. If this be present, it must be first neutralized by the addition
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of the requisite amount of dilute sulphuric or nitric acid (not

hydrochloric acid), which may be determined as already described.

When hydrocyanic acid is present Vielhaber recommends neutral-

izing with magnesium carbonate suspended in water.

The reactions with commonly-occurring substances precipitable

by silver nitrate in a cyanide solution, occur more or less in the

following order, all these reactions being completed before the chrom-

ate color becomes permanent:

(1) 2KCy + AgNOg = KAgCy^ + KNO3.

(2) KAgCy, + AgNOs =r 2AgCy + KNO3.

(3) KCl + AgNOg = AgCl + Kj^Og.

(4) KSCy + AgXO^ = AgSCy + KNO3.

(5) K.FeCye + ^AgXOg = Ag.FeCye + 4KNO3.

(6) K,ZnCy, + AgNOg = ZnCy, + KAgCy, + KNO3.
ZnCy^ + 2AgN03 = ZnCNO,), + 2AgCy.

The reactions taking place with zinc double cyanides on the addi-

tion of silver nitrate in presence of an excess of ferrocyanide are

discussed by L. M. Green in a paper laid before the Institute of

Mining and Metallurgy, October 17, 1901 {Proceedings, Vol. X., p.

29).

Isocyanates, if present, will also be precipitated by silver nitrate

before the chromate reaction is obtained. Cyanates and bicarbon-

ates are apparently not precipitated. Carbonates obscure the finish-

ing point somewhat (acting probably in the same way as caustic

alkalis), but the chromate reaction occurs before the carbonate has

been precipitated by silver as AggCOg.

Chloride of silver may be separated from the cyanide by boiling

with concentrated nitric acid, which decomposes the cyanide but

leaves the chloride undissolved.

Method No. 2.

Gravimetric Determination of Total Cyanogen by Means of Silver

Nitrate and Nitric Acid.

Fresenius {Quant. Anal., 7th ed.. Vol. I., p. 375) describes the

following method, due to H. Rose

:

"Digest for some time with a dilute solution of nitrate of silver,

stirring frequently, then add nitric acid in moderate excess, and

digest at a gentle heat, till the foreign cyanide is fully dissolved
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and the cyanide of silver has become pure and white. (Double

cyanide of nickel and potassium yields by this process a mixture of

cyanide of silver with cyanide of nickel. Like double cyanides are

similarly decomposed.) Then add water and filter. As a pre-

cautionary measure it is well to test the metal obtained by long

ignition of the cyanide of silver, whether it is free from those

metals which were combined with the cyanogen. The filtrate is used

for estimating the bases, the silver being first precipitated with

hydrochloric acid. This method affords an exact analysis of the

double cyanides of potassium with nickel, copper and zinc."

I may here remark that I have used a practically identical

method, with good results, for the estimation of copper in cyanide

solutions, the copper being determined in the filtrate by a colori-

metric method.

The precipitated cyanide of silver may be collected on a weighed

filter, dried at 100° and weighed, or it may be collected on an un-

weighed filter and converted into metallic silver by igniting in a

porcelain crucible for a quarter of an hour, or until it ceases to lose

weight.

The following remarks (Fresenius, Quant. Anal., 7th ed.. Vol.,

I., p. 141) on the properties of cyanide of silver may be of use in this

connection: "Cyanide of silver may be dried at 100° without de-

composition; it is soluble in ammonia. Exposure to light fails to

impart the slightest tinge of black to it. Upon ignition it is decom-

posed into cyanogen, which escapes, and metallic silver, which re-

mains mixed with a little paracyanide of silver. By boiling with a

mixture of equal parts of sulphuric acid and water, it is, according

to Glassford and Napier, dissolved to sulphate of silver, with libera-

tion of hydrocyanic acid."

It is to be observed that this method of precipitation with silver

nitrate in presence of excess of nitric acid cannot conveniently be

employed in presence of ferrocyanides, as they yield a precipitate

of silver forrocyanide and not of AgCy, and on ignition this leaves

some oxide of iron, together with metallic silver. Chlorides also in-

terfere; chloride of silver is formed, which does not decompose on

ignition for one-quarter hour at a moderate temperature.

When thiocyanatcs are present in the original liquid the precipi-

tate will contain silver thiocyanate, which on ignition will yield

metallic silver proportional to the cyanogen.

From these considerations it will be seen that in dealing with
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impure solutions, the method is more useful as a means of eliminat-

ing cyanogen as a preliminary step for other determinations than

as a means of determining cyanogen itself.

Method No. 3.

Gravimetric Determination of Total Cyanogen by Means of Silver

Nitrate and Ammonia.

"W. Weith (Zeitschrift f. analyt. Cliem., 9, 379) recommends

a solution of nitrate of silver in ammonia for the decomposition of

many cyanogen compounds, such as ferrocyanide of potassium,

Prussian blue, and even cobalticj-anide of potassium. He digests

them in sealed tubes at 100° C. (in the case of cobalticyanide of

potassium at 150° C.) for 4 or 5 hours. The contents of the

tube are then gently warmed in a dish until the crystals of

ammonio-cyanide of silver are dissolved. Any separated metallic

oxide is filtered off and washed with ammonia. The filtrate is

diluted, and cyanide of silver precipitated therefrom by acidifying

with nitric acid. This may be collected and determined as in the

previous method. The method would probably be chiefly applicable

to the solid cyanogen compounds, rather than to solutions.

In the filtrate the silver may be separated from the alkalis, etc.

In respect to the undissolved oxides, it should be noted that metallic

silver is always mixed with the oxide of iron.

Method No. 4.

Gravimetric Determination of Total Cyanogen by Boiling with

Oxide of Mercury.

The following account of this method is given by Fresenius

{Quant. Anal., 7th ed., Vol. I., p. 376) :

"Many simple cyanides, and also double cyanides, both of the

character of the double cyanide of nickel and potassium and of the

ferro- and ferricyanide (not, however, cobalticyanides) may, as is

well known, be completely decomposed by boiling with excess of

oxide of mercury and water, all cyanogen being determined as

cyanide of mercury and the metals passing into oxides."

H. Rose has shown that Prussian blue, ferro- and ferricyanide of
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potassium, more particularly, may be readily analyzed in this man-

ner

:

"Boil a few minutes with water and excess of oxide of mercury

until complete decomposition is effected, and, in order to render

the sesquioxide of iron and oxide of mercury removable by the

filter, nitric acid in small portions, till the alkaline reaction has

nearly disappeared, filter, wash with hot water, dry the precipitate,

ignite, very gradually raising the heat under a hood with a good

draught, and weigh the sesquioxide of iron remaining."

The cyanogen is determined in the filtrate as follows:

''Mix the solution (containing the cyanogen as cyanide of mer-

cury) with nitrate of zinc dissolved in ammonia. To one part of

mercury salt add about two parts of the zinc salt. Add to the

clear solution sulphuretted hydrogen water gradually till it pro-

duces a perfectly white precipitate of sulphide of zinc. The precip-

itate, which is a mixture of the sulphides of mercury and zinc,

settles well. After a quarter of an hour filter it off and wash with

very dilute ammonia. The filtrate contains cyanide of zinc dis-

solved in ammonia, together with nitrate of ammonia. It does not

smell of hydrocyanic acid, and consequently no escape of the latter

takes place. Mix it with nitrate of silver and then add dilute sul-

phuric acid in excess. The cyanide of silver is next washed a little

by decantation, then—to free it from any cyanide of zinc simul-

taneously precipitated—^heated with a solution of nitrate of silver,

finally filtered off, washed and weighed, after drying at 100°, as

AgCy or (after ignition) as metallic silver."

The cyanogen in the filtrate from the precipitate of mixed sul-

phides could, of course, be determined volumetrically by titration

with silver nitrate and potassium iodide indicator.

See Appendix, page 163.

SECTION 4.

Estimation of Hydeocyanic Acid.

Free hydrocyanic acid may be estimated by titration with silver

nitrate

(a) After addition of an excess of caustic alkali.

(&) After addition of an excess of bicarbonate.

Detection of hydrocyanic acid

:

The presence of any considerable quantity of hydrocyanic acid in
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a solution may be detected by its smell, or by covering a beaker con-

taining a little of the solution with a watch-glass, on the imder

surface of which is a drop of silver nitrate. If the drop rapidly

becomes milky, the presence of hydrocyanic acid is indicated.

Solutions containing the free acid are best measured by means of

a graduated column. If a pipette be used a plug of cotton wool

slightly moistened with silver nitrate should be inserted into the

upper end, to avoid the danger of inhaling the acid.

Method No. 1.

Estimation of Hydrocyanic Acid by Silver Nitrate with Addition

of Alkali.

This modification of Liebig's method, suggested originally by

Siebold, is described by Sutton {Volum. Anal., 8th ed., p. 217).

The liquid to be titrated is measured from a burette dipping into a

solution of caustic alkali contained in a beaker. The resulting

alkaline cyanide is then titrated with silver nitrate in the ordinary

way. A large excess of alkali must be avoided, unless the potas-

sium iodide indicator be used.

If the original solution also contains free cyanide, i.e., cyanides

of the alkali or alkaline earth metals, a separate determination must

be made by titrating with silver nitrate without adding caustic

alkali; the result of this titration, deducted from that of the first,

gives the equivalent in terms of KCy of the hydrocyanic acid present.

It may here be remarked that the finishing point in presence of free

hydrocyanic acid is somewhat indefinite.

This method is, of course, not applicable in presence of easily de-

composed double cyanides, such as KjZnCy^, as these would be de-

termined along with the cyanide resulting from the HCy, after

addition of alkali. Ferrocyanides and sulphocyanides should not in-

terfere.

Method No. 2.

Estimation of Hydrocyanic Acid by Silver Nitrate after Adding

an AlkaUne Bicarbonate.

This method, described by Bettel (Proceedings Chem., Met. Soc.

South Africa, Vol. I., p. 165), is said to be applicable in presence

of double cyanides such as KgZnCy^.
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The free cyanide is first estimated in the ordinary way, without

addition of alkali.

Another portion of the liquid is then taken, and a solution of

potassium or sodium bicarbonate free from monocarbonate is

added. Free carbonic acid must be absent. The resulting liquid is

then titrated with silver, and the result of the first titration de-

ducted from the numbei- found. This gives the equivalent in KCy
of the hydrocyanic acid present.

The method depends on the reaction

:

2KHCO3+ AgN03+ 2HCy= KAgCy^+KNO3+ 200^+ 2H,0,

and is therefore a reversal of Siebold's method of estimating car-

bonates by means of hydrocyanic acid and silver nitrate. (Year

Book of Pharmacy, 1878, p. 518.) Bicarbonates have no action on

potassium or sodic zinc cyanide.

Instead of silver nitrate, an iodine solution could presumably

be used where interfering substances are absent, the reaction being

KHCO3 -f I2 + HCy = KI + ICy + CO^ + H^O.

SECTION 5.

Estimation of Available Cyanide.

The efficiency of a cyanide solution for dissolving gold and silver

depends on various other factors besides the percentage of cyanogen

in the form of simple cyanides. The amount of precious metal

dissolved in any particular case will be determined by the following

considerations: (a) Time of contact. (&) Quantity of solution

in proportion to metal to be dissolved, (c) Temperature, (d)

Physical condition of the metal acted upon, (e) Nature of sur-

rounding bodies ; for example, the presence or absence of other sub-

stances which might be attacked by cyanide. (/) Amount and

nature of other salts in solution, some of which may either assist

or hinder the action of cyanide, or may be themselves solvents or

precipitants of the precious metals, (g) Amount of dissolved

oxygen in the solution, (h) Size or shape of the containing vessel

—^this being chiefly of importance in view of the admission or ex-

clusion of air. (i) Mode of application of the solution, e.g., by

percolation, agitation, etc.



CHEMISTRY OF CYANIDE SOLUTIONS. 55

It has been showTi that the double cyanide of zinc and potassium

is to some extent a solvent of gold, though much less efficient than a

simple cyanide, for equal quantities of cyanogen.

Ferro- and fcrricyanides may also act directly in some instances.

Hydrocyanic acid is also a possible solvent. In some of these cases,

particularly that of KjZnCy^, it is not very clear whether the action

may not be due (as suggested by T. K. Eose, Metallurgy of Gold,

p. 398) to dissociation of the compound with liberation of free

cyanide. Careful experiments {Proceedings Inst. Min. & Met., Vol.

VI., p. 120) appear to have proved that cyanogen is not a solvent

of gold.

The researches of Maclaurin {Journal Chem. Soc, Vol. LXVII.)

and others have demonstrated that the efficiency of pure solutions

depends on the amount of dissolved oxygen as well as upon the per-

centage of cyanide, and, in fact, that when solutions of various

strengths are compared under otherwise similar conditions, there is

a certain strength which shows a maximum efficiency. Thus a

solution of 0.25 per cent was found to dissolve gold and silver more

rapidly than any other, either stronger or weaker. This result ap-

pears to be due to the fact that the solubility of oxygen in cyanide

solutions diminishes as the percentage of cyanide is increased, so

that the conditions most favorable for the occurrence of the reac-

tions

4KCy + 2Aii -f + H^O = 2KAuCy2 + 2K0H,
4KCy + 2Ag + -f H^O = 2KAuCy2 + 2K0H,

are obtained with this particular degree of concentration. Between

the limits 0.1 per cent and 0.25 per cent the efficiency was found to

be nearly constant. It is obvious, therefore, that a mere determina-

tion of free cyanide gives us no information as to the efficiency of

a solution unless other circumstances are taken into consideration,

for a 1 per cent solution might have actually less efficiency than a

0.1 per cent solution.

In many cases some method of rapidly and accurately estimating

the solvent power of a solution (under given conditions) would be

of the utmost value. Unfortunately no thoroughly reliable method

exists, and we are practically obliged to fall back upon comparative

extraction tests which really amount to an experimental treatment

of the ore or material under examination, in which actual working

conditions are imitated as closely as possible.

Several methods have, however, been tried by different expert-
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menters, depending on the rate of solution of small quantities of

metal in the liquid to be examined, and some description of these

will be given below.

The term 'available cyanide' (or perhaps better 'solvent activity')

might be defined as follows

:

"Two solutions are said to have the same solvent activity when
equal volumes dissolve the same amounts of precious metal in the

same time and under the same conditions." If we take a certain

solution for a standard (say, for example, a 0.25 per cent solution

of pure potassium cyanide in well aerated distilled water), we might

represent the weight of gold dissolved by the standard solution as

100, and that dissolved by some other solution might then be ex-

pressed in terms of a percentage of this standard. Thus if w^ and

Wo be the weights dissolved by a given solution and the standard re-

spectively, then the solvent activity of the given solution would be

expressed by 100 X (wi -f- w,,).

It is obvious that the term can only be used in reference to a

particular set of conditions, and that comparisons can only be

made where all essential points are the same in all tests.

Descriptions of experimental treatment tests hardly come within

the scope of a paper on the 'analysis of cyanide solutions' ; for these

reference may be made to various works on the cyanide process.

Method for the Estimation of Available Cyanide by the Eate of

Solution of Metallic Gold or Silver.

Tests made by immersing weighed pieces of gold and silver foil

for equal intervals of time, respectively, in the solution to be tested

and in standard solutions of different strengths, and determining

the loss of weight in each case, gave varied and discordant results

(J. S. Maclaurin, Journal Chem. Soc, Vol. LXVII., p. 199), as it

is practically impossible to secure uniform conditions. Moreover,

such results could not be safely apphed in estimating the relative

efficiency of solutions for another purpose (as, for example, for

the treatment of some particular ore).

I have recently experimented on a method of comparing the

solvent activity of solutions capable of giving results which may
be of some value, with comparatively httle trouble, and in a

reasonably short time. Six or more tests might be executed

simultaneously in about an hour.
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A solution of chloride of gold is prepared by dissolving pure

metallic gold in aqua regia, evaporating to dr}'ness on a water bath,

and dissolving in pure water to a definite volume. A solution con-

taining 0.5 milligram Au per c.c. is a convenient strength. A
number of exactly similar flasks are got ready, and an equal volume

(say 10 c.c.) of the gold chloride solution added to each. A few

drops of a concentrated solution of sulphur dioxide in distilled

water is added to each flask, and the liquid then boiled till there is

no smell of SO,. The whole of the gold will be thus precipitated

in a fine powder, and the conditions in each flask will be as nearly

as possible identical. Add to each a few c.c. of a N/10 solution of

sodium hydrate, so that the liquid in the flasks becomes faintly

alkaline. Cool, and then add to the flasks equal volumes of the

various solutions to be compared (at least two tests should be made

with distilled water). The flasks are then agitated at intervals for 15

minutes, and the residual gold collected on filters, and washed once

or twice with distilled water until the washings are free from cya-

nide. The filter papers are dried in porcelain dishes on a sand bath

(or in any other convenient way), wrapped in lead foil and cupelled.

The resulting gold beads are weighed, and the solvent activity ob-

tained by calculation. The amount of gold dissolved is equal to the

weight of bead from test with distilled water, less the weight of bead

from test with given solution. This method introduces no foreign

bodies except small quantities of alkaline chlorides and sulphates

and of sodium hydrate, which are quite inactive, and are, moreover,

practically present in equal amount in all the tests.

See Appendix, page 164.
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CLASS II.

ALKALINE CONSTITUENTS.

General Remarks on the Action of Different Indicators toward Sub-

stances found in Cyanide Solutions.

Before proceeding to discuss the methods of estimating the

alkahnity of working cyanide solutions, it is necessary to point out

the behavior of different indicators toward the various bodies

Ukely to be found in such solutions.

The estimation of alkalinity is generally made by means of a

dilute standard solution of some mineral acid (HjSO^, HCl or

HNO3). Sometimes an organic acid (for example, oxalic acid)

may be used. The indicators most commonly employed are litmus,

phenol phthalein and methyl orange, and these alone will be con-

sidered in the following remarks. The methods of preparing

these indicators and their general characteristics are fully described

by Sutton {Volum. Anal., 8th ed., p. 33).

Methyl orange should not be used when organic acids are em-

ployed for the titration. A convenient strength is 0.1 per cent, in

aqueous solution, a single drop being generally sufficient for each

test. The tint is then very pale yellow in alkaline or neutral solu-

tions and pink in acid.

Phenol phthalein is used in the form of an alcoholic solution (in

methylated spirit or 60 per cent alcohol) . About 0.5 per cent is a

convenient strength. The tint is deep pink (rose color) in alka-

line and colorless in acid or neutral solution.

L Action Toward Simple Cyanides. — Free potassium cyanide

and other cyanides of the alkah metals behave, when neutrahzed

by dilute mineral acids (and some organic acids), as if the whole of

the alkali metal existed in the form of hydrate. When methyl

orange is used as the indicator the end-point is fairly sharp; with

htmus and phenol phthalein it is somewhat indefinite, as these

indicators are affected by the hydrocyanic acid evolved, but with

care the amount of standard acid required will be found to corre-

spond pretty closely, whatever indicator be used, to the completion

of the reaction

:

KCy -h HR = HCy + KR,

or its equivalent, R being any monovalent acid radicle.
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2. Action Toward Alkaline Hydrates.—Alkaline hydrates {e.g.,

caustic potash, KOH, caustic soda, NaOH, lime, Ca(0H)2, etc.)

are alkaline to all indicators, the amount of standard acid used cor-

responding to the total amount of the alkali metal present and indi-

cating the completion of the reaction

:

MOH + HR = HjO + MR, where

M = any positive monovalent radicle or its equivalent, and

R =: any negative monovalent radicle or its equivalent.

3. Action Toward Alkaline Monocarhonates.— These (e.g.,

NaaCOa, K.,C03) are also alkaline to the mineral acids (HCl,

HXO3, H2SO4), and some organic acids, but the amount of acid

required to effect the change in the indicator depends on the nature

of the indicator used.

With methyl orange the whole of the alkali metal is indicated

as though it were present as hydrate, the permanent pink tint only

appearing after the completion of the reaction

:

K2CO3 + 2HR = H2O 4- CO2 + 2KR,

or its equivalent.

With litmus the reaction in the cold is always incomplete, owing

to the action of the liberated carbonic acid on the indicator. If

the titration be performed with the solution to be examined at

boiling temperature, the whole of the alkali metal of the carbonate

may be estimated.

With phenol phthaleln the finishing point is also somewhat in-

definite owing to the same cause, but it is possible to estimate by

means of this indicator, with tolerable accuracy, the amount of

monocarbonate in dilute solutions, the finishing point being the

same as though half the alkali metal of the carbonate existed in the

form of hydrate, thus corresponding with the completion of the

reaction

:

K2CO3 + HR = KHCO3 + KR,
or its equivalent.

Ammonium carbonate behaves in a similar manner, but the end

point with phenol phthalein is uncertain, owing to free ammonia

present in the solution.

4. Action Toward Bicarhonates.—The biearbonates of the alkali

and alkaline earth metals (NaHCOg, KHCO,, CaH2(C03)2) are

neutral to phenol phthalein and to litmus, but alkaline to methyl

orange, the whole of the alkali metal being indicated as though

present as hydrate according to the equation:
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KHCO3 + HE = H^O + CO2 + KR,

or its equivalent.

5. Action Toward Ammonm.—Ammonia is alkaline to all indi-

cators, but cannot be accurately titrated with phenol phthalein.

6. Action Tovjard Zinc Double Cyanides.—The double cyanide

of zinc and potassium behav£s, when titrated with standard acid,

using methyl orange as indicator, as though the whole of the cyan-

ogen existed as free potassium cyanide, the finishing point indi-

cating the completion of the reaction:

K^ZnCy^ + 4HR = ZnEa + 2KR + 4HCy.

[With phenol phthalein the alkalinity obtained varies accord-

ing to the degree of dilution and probably represents the cyanide

liberated from that portion of the double salt which has become
dissociated according to the reaction :

KjZnCy, ^ ZnCy^ + 2KCy.]

7. Action Toward AlJcaline Zincates.— Potassium zincate,

Zn(0K)2, behaves to methyl orange and phenol phthalein as

though the alkali metal existed entirely as hydrate.

8. Action Toward Alkaline Sulphides.—The sulphides of the

alkali metals (K^S, ISTajS, presumably, also, CaS, BaS and similar

bodies) react towards acids with methyl orange indicator as though

the alkali metal existed as hydrate

:

K2S + SHE = 2KR + H^S.

With phenol phthalein in a cold solution, the neutral point in-

dicates half the alkali metal present:

K2S + HE = KHS + KE.
With boiling solutions the reaction is the same as with methyl

orange.

The effects are thus precisely analogous to those obtained with

monocarbonates.

9. The following substances are neutral to all indicators

:

Double cyanides of silver (KAgCj^, NaAgCya).

Ferrocyanides,

Ferricyanides,

Sulphocyanides,

Chlorides,*

Sulphates,

Nitrates,

when present as normal salts of the alkali

or alkaline earth metals.

• Including ammonium chloride.
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From the foregoing remarks it will be seen that, of the three in-

dicators, methyl orange is the most sensitive to alkalis, and phenol

phthalein the most sensitive to acids. By a combination of tests

with these two indicators we may sometimes determine several dif-

ferent ingredients in the solution.

Definition of 'Total' and 'Protective' Alkali.—The 'total alkali'

of a solution will be defined as the equivalent, in terms of caustic

potash (KOH), of all the ingredients which are alkaline to methyl

orange. It is, therefore, the sum of the alkalinities due to the

several substances which are alkaline to this indicator. The chief

of these are:

Simple cyanides.

Hydrates,

Carbonates.

Bicarbonates,

Sulphides,

Zincates,

Double cyanides of zinc.

Free ammonia,

The term 'protective alkali' is based on the assumption that cer-

tain ingredients in an ordinary working solution will be wholly or

partially neutralized, on addition of a dilute mineral acid, or car-

bonic acid, before any decomposition of cyanide occurs. In the

treatment of ores the addition of lime or caustic soda is made with

the object of protecting the cyanide from the decomposing effect of

various matters contained in the ore, and of the carbonic acid in the

air. As a matter of fact, a cyanide solution undergoes gradual

decomposition, with evolution of hydrocyanic acid, even when an

excess of caustic alkali is present, so that the protection afforded is

only partial and temporary, and not absolute. There is, however,

a fairly definite point in the neutralization of an ordinary solution

(containing free cyanide, hydrates, carbonates, etc.) at which the

decomposition, with formation of hydrocyanic acid, begins to take

place with marked rapidity. In the absence of zinc this point

corresponds with tolerable exactness to the alkalinity of the hydrates

and carbonates present toward phenol phthalein, and if the amount

of acid corresponding to this alkalinity be added, with agitation, to

such a solution, the cyanide strength, as shown by immediate titra-

tion with silver nitrate, will remain apparently unchanged. In

this case, therefore, protective alkali ^ hydrate -f- i carbonate.
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When zinc is present the effect of adding dilute acid is somewhat

remarkable, and has been referred to in detail in the discussion on

Mr. L. M. Green's paper on the 'Titration of Cyanide Solutions Con-

taining Zinc' No loss of cyanogen (and hence no evolution of

HCy) takes place even on prolonged exposure, unless the acid added

exceeds a certain amount.

The various determinations of alkaline constituents here consid-

ered will be as follows

:

(A) Total Alkali.—Titration by standard acid and methyl orange

indicator.

{B) Protective AlJcali.— (1) Titration with standard acid and

phenol phthalein after adding silver nitrate.

2. Titration with the same, after adding excess of potassium

ferrocyanide.

3. Distillation with potassium bisulphate.

(C) Hydrates.— (1) By combined titrations with standard acid

and the two indicators, making the necessary corrections for cyanides

and carb-^nates.

2. By titration with standard acid after precipitation of the

cyanide with AgNOg and the carbonate with BaCl,.

(D) Carbonates and Bicarhonates.— (1) By calculation from re-

sults of the preceding tests.

2. By precipitation as BaCOg and estimation of the CO2 corre-

sponding to precipitate found.

(E) Ammonia {'and Ammonium Salts).—By colorimetric test

with ISTessler's solution after precipitation of cyanogen compounds

and distillation of the filtrate.

(A) Estimation of Total Alkali.

A measured volume (say 50 c.c.) of the solution is placed in a

flask with a few drops of a 0.1 per cent solution of metliyl orange.

N/10 acid (HCl, HNO,, or H2SO4) is run in from a burette until a

faint permanent pink tint is produced.

When the solution contains double cyanides of zinc, copper, silver,

etc., a white precipitate occurs at a certain stage on the addition of

acid, consisting of the simple cyanides of these metals. As this

precipitate obscures the finishing point of the reaction with methyl

orange, it is perhaps better, in such cases, to add an excess of the

standard acid, that is to say, to continue adding acid until no further



CHEMISTRY OF CYANIDE SOLUTIONS. 63

precipitation takes place, and determine the excess of acid in the fil-

trate, or a definite fraction of it, by titration with standard alkali.

In this case, however, the whole of the alkali metal of the double

salts will be determined as forming part of the total alkali, the

probable reactions being

KoZnCy^ + 2HR = ZnCy^ + 2HCy + 2KR,

KXuXy, + 2HR =: Cu^Cy^ + 2HCy +2KR,
KAgCy^ + HR = AgCy + HCy + KR,

R being any negative monovalent radicle,

(B) Estimation of Protective Alkali.

Method No. 1.

Titration with Standard Acid and Phenol Phthalein Indicator,

after Addition of Silver Nitrate.

This method was devised by the writer in 1894, and is fully de-

scribed in the Chemical News, Vol. LXXI., p. 93. It is based on

the facts already pointed out: (a) That double cyanides of silver

are neutral to phenol phthalein. (&) That the amount of acid re-

quired to neutralize the hydrates and carbonates towards phenol

phthalein is a measure of protective alkali as defined, (c) That

the presence of cyanide or double cyanide of silver does not interfere

with the titration of alkali, the double salt not being decomposed

until the whole of the alkali is neutralized.

The principal substances included in this test are: Hydrates,

carbonates (converted in the titration to bicarbonates), ammonia,

a small portion of KoZnCy^, zincates (Zn(0K)2). The latter prob-

ably do not coexist with free cyanides.

The method of testing is as follows : Silver nitrate is added to a

measured volume of the solution until a permanent turbidity is

produced. The ordinary standard solution may be used, so that

the same measured portion of the liquid to be tested will serve for

the determination of both cyanide and protective alkali. This

latter is a great advantage of the method in practical work, and

enables it to be applied constantly for the control of daily operations

in the cyanide plant, the test being so simple as to be well within

the capacity of the "average man on shift." Addition of even a

considerable quantity of silver in excess of the necessary amount

does not materially affect the result. A drop of the alcoholic 0.5 per

cent phenol phthalein solution is now added to the turbid liquid in

the flask (without filtering), and the resulting pink fluid is titrated



64 CHEMISTRY OF CYANIDE SOLUTIONS.

with N/10, or any convenient standard acid, until the color entirely

disappears. The amount of standard acid used measures the pro-

tective alkali.

Influence of Zinc.—As already pointed out, only a small portion

of K2ZnCy4 is shown as alkali when titrated with acid and phenol

phthalein. Moreover, the addition of excess of silver nitrate after

the first turbidity causes the K2ZnCy4 solution to become quite

neutral to this indicator at some point before the complete precipi-

tation of the cyanide. When large quantities of zinc are present (in

absence of much hydrate or carbonate of the alkalis), addition of

silver nitrate, as recently pointed out by L. M. Green, causes the

solution to become acid to phenol phthalein. (See App., p. 167.)

Method No. 2.

Estimation of Protective Alkali after Addition of Silver Nitrate

and Potassium Ferrocyanide.

The following method, devised by Leonard M. Green (Proceed-

ings Inst. Min. and Met., October, 1901), obviates the difficulties

in the last method due to the presence of zinc, but it is questionable

whether the value obtained represents the protective alkali as de-

fined. (See p. 61 above.)

The method is, briefly, as follows: The total cyanide is first

determined by titration with silver nitrate, using the alkaline iodide

indicator. Another portion, say, 50 c.c, of the original solution is

now taken, an excess of ferrocyanide solution added, and then a

little more silver solution than was used in the previous test, to

ensure the complete conversion of all cyanides into silver salts.

Phenol phthalein is then added and the liquid titrated with standard

acid as in the previous method. We may suppose the reactions (in

absence of alkalis and ferrocyanides) to be as follows, while zinc

double cyanide is in excess

:

(a) K^ZnCy, + AgNOg = ZnCy^ + KAgCy^ + KNO3

;

but in presence of a sufficient excess of silver nitrate,

(&) K^ZnCy^ + SAgNOg = SKAgCy^ + 'LTii'^O,),.

Bettel {Journal Chem. and Met. Soc. South Africa, Vol. I.,

p. 164) gives the following as the reaction taking place when excess

of ferrocyanide is added to a solution of the zinc double cyanide

:

SK^ZnCy, + 2E:,FeCye = K2Zn3(FeCye) + 12KCy,
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SO that in presence of an excess of AgNOj the solution would be-

come neutral by conversion of KCy into KAgCy,.

In absence of ferrocyanide the acidity to phenol phthalein may
be due to the presence of zinc nitrate, which would neutralize any

alkaline hydrate or carbonate as follows

:

Zn(N03)2 + 2K0H = Zn(0H)2 + 2KNO3,
Zn(N03)2 + K2CO3 = ZnCOg -f- 2KNO3.

On addition of ferrocyanide the alkali is regenerated as follows:

K.FeCye + Zn(0H)2 = ZnK^FeCye + 2K0H,
K.FeCye + ZnCOg = ZnKjFeCye + K2CO3.

Green gives the reaction between zinc nitrate and alkahne carbo-

nate as follows, the zinc being supposed to form a basic carbonate:

2Zn(N03)2 + 3K2CO3 + 2H2O =
Zn(OH)2ZnC03 + 2KHCO3 + 4KNO3,

and the corresponding reaction on addition of ferrocyanide:

Zn(0H)2 ZnC03 + K.FeCve =
Zn2FeCye + 2K0H + K2CO3,

a double ferrocyanide of doubtful composition being probably

formed, so that the equation assumes the form:

Zn(OH)2ZnC03 + xK.FeCye =
ZnaFeCyeC:^ — 1) K^FeCy^ -1- 2K0H + KjCOg.

See App., pp. 167, 168.

Method No. 3.

Estimation of Protective Alkali by Neutralizing with Potassium

Bisulphate and Distilling.

A. F. Crosse (Proceedings Chem. and Met. Soc. South Africa)

describes the following process: 500 c.c. of the solution are taken,

1 gram of potassium bisulphate (KHSO^) added, and the liquid

boiled in a retort with condenser for 45 minutes. The hydrocyanic

acid distilled over is collected in caustic potash, and the resulting

liquid titrated in the usual way with silver nitrate and potassium

iodide. The reactions are as follows:

KHSO, -f- KCy = K,SO, + HCy.

When alkali is present, a portion of the bisulphate is neutralized

:

KHSO, + KOH = K2SO, -f H2O,

KHSO^ + K2CO3 = K2SO4 + KHCO3,
and the amount of hydrocyanic acid given off is proportionately less.

From the first equation it is evident that in the absence oi
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protective alkali, 1 gram of KHSO4 liberates 0,1985 gram of HCy.

The difference between the cyanide equivalent of the bisulphate

used and the cyanide actually found in the distillate is the cyanide

equivalent of the protective alkali, which may be converted into

terms of KOH by multiplying by the factor 56/65 =: 0.8615.

An excess of free potassium cyanide must always be present, hence

it is recommended to add 2 grams of chemically pure potassium

cyanide before distilling. It is obvious, also, that the bisulphate

must be added in excess of the amount required, to neutralize the

protective alkali.

While this method may possibly give accurate results with careful

working, it is certainly very slow and cumbrous, and hardly adapted

to the requirements of practical work. It is also probable that by

boiling the cyanide solution for 45 minutes some decompositions

would occur which would vitiate the result.

In the absence of sufficient free cyanide it is possible that a part

of the bisulphate would be consumed in precipitating zinc cyanide,

K^ZnCy, + 2KHSO4 = ZnCy^ + 2HCy + 2K2SO4,

but this would introduce no error, as an equivalent of HCy is liber-

ated.

(C, D) Estimation of Hydrates, Carbonates and
BiCARBONATES.

The tests for these substances may conveniently be considered

together, as most of the methods for estimating any one of them

involves a determination of one of the others. The behavior of the

various bodies individually towards different indicators, when neu-

tralized by dilute acid, has already been described. It must be here

remarked that hydrates and bicarbonates cannot coexist in the solu-

tion, as the reaction,

KOH + KHCO3 = K0CO3 4- H2O,

or its equivalent, would immediately occur; hence we have to con-

sider only the cases in which cyanides are present together with

(a) hydrates and monocarbonates, (6) monocarbonates and bicar-

bonates.

(a) Solution Contains Cyanides, Hydrates and Monocarbonates.

—From what has been said above (tests for total and protective al-

kali) it is clear that the equivalent of 'hydrate -f- ^ monocarbonate'

may be found by titrating with standard acid and phenol phthalein
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after addition of silver nitrate to produce turbidity ; and the equiva-

lent of 'cyanide -{- hydrate + monocarbonate' by direct titration of

another portion of the solution with standard acid and methyl

orange (without adding AgNOg).

The cyanide may be found by any of the ordinary methods, and its

alkali equivalent deducted from the last result, KCy X 0.8617 =

KOH. We have then (A) = hydrate + ^ carbonate. (B) = hy-

drate + carbonate— whence hydrate =: 2A—B, and carbonate =
2(B—A).

(b) Solution Contains Cyanides, Carbonates and Bicarbonates.

—When no hydrate is present the titration with acid and phenol

phthalein after addition of AgNOj gives us simply '^ carbonate/

while the direct titration with acid and methyl orange gives

'cyanide + carbonate -j- bicarbonate'

Deducting cyanide as before, we have (A) = ^ carbonate

[B) =r carbonate -f- bicarbonate— whence carbonate = 2A, and bi-

carbonate = B—2A.

In presence of zinc double cyanide and ammonia further com-

plications arise, and this method cannot be applied.

Method No. 2.

Estimation of Hydrates, Carbonates and Bicarbonates by Combined

Titrations, with and without Addition of Barium Salts.

(A) Hydrates may be estimated by adding the necessary amount

of a standard solution of barium chloride to precipitate the car-

bonate (avoiding an excess, which would tend to precipitate a por-

tion of hydrate), filtering and titrating the filtrate, or a measured

fraction of it, with standard acid and methyl orange. The result

gives 'hydrate -f- cyanide,' from which the hydrate is obtained by

deducting the equivalent of cyanide.

The reactions are:

BaCla + KXOg = 2KC1 + BaCOg.

BaCl^ + 2KHCO3 = 2KC1 + H2O + CO2 + BaCOj.

(B) The precipitated barium carbonate, after thorough washing

in boiling distilled water, is titrated with standard acid and methyl

orange, which gives the equivalent of "carbonate -f- ^ bicarbonate."

(C) By adding an excess of alkaline hydrate free from CO,
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before addition of barium chloride, the whole of the carbonate and

bicarbonate may be precipitated as BaCOg

:

KHCO3 + KOH = H2O + K2CO3,

BaCl^ + K2CO3 = 2KC1 + BaCOg.

If the solution be now filtered and tested as before, the difference

between the amount of hydrate added and the amount found after

precipitation with barium chloride gives the equivalent of the bi-

carbonate, and titration of the washed precipitate gives the equiva-

lent of 'carbonate + bicarbonate/ (For further details see Sut-

ton, Volum. Anal., 8th ed., pp. 60-63.) (See Appendix, p. 170.)

Modification in Presence of Zinc.—When zinc is present, Green

modifies this process as follows (Proceedings Inst. Min. and Met.,

October, 1901) : An excess of barium chloride is first added to the

solution (sufficient to precipitate the sulphates and carbonates),

then excess of potassium ferrocyanide, then twice the amount of

silver nitrate necessary to indicate total cyanide, viz., sufficient

to precipitate the whole of the cyanide. A slight excess does not

matter, as it merely precipitates some chloride, or, if no chlorides

are present, some sulphocyanide or ferrocyanide. The zinc all occurs

in the precipitate as ferrocyanide, and the alkaline hydrates are left

in solution. (Barium chloride being present, the carbonates are

already precipitated as BaCOg.) Phenol phthalein is now added,

and the solution titrated with N/IO nitric acid till colorless, or till

it acquires the faint, greenish-yellow tinge produced by the excess

of ferrocyanide.

Experiments which I have made with this process gave only mod-

erately good results, the numbers being generally less than theoret-

ical, perhaps owing to precipitation of some barium hydrate.

(E) Estimation of Ammonia.

Free ammonia and the carbonates and bicarbonates of ammonium
are alkaline to methyl orange, and are estimated along with the

other ingredients in titrating total alkali (see above). Ammonium
chloride is neutral to all indicators.

Bettel {Journal Chem. and Met. Soc. South Africa, Vol. I., p.

168) gives the following method for estimating ammonia in cyanide

solutions: "If sufficient nitrate of silver be added to a solution (say,

10 c.c.) to wholly precipitate the cyanogen compounds, and a drop

or two of normal hydrochloric acid be then added, the whole made
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up to 100 c.c. and shaken, then filtered, and 10 c.c. of the filtrate

distilled with 150 c.c. water from a tubulated flask, and the steam

condensed in a Liebig's condenser, the ammonia coming over may
be readily estimated by color test with Nessler solution, and com-

parison with distilled water free from ammonia and standard am-

monium chloride solution containing 0.01 gram NH., per liter,

treated with Nessler solution."

If the ammonia in combination as ammonium salts is to be esti-

mated, sodium carbonate must be added to the liquid to be dis-

tilled. (For further details as to distillation and colorimetric test,

see Sutton, Volum. Anal., 8th ed., pp. 447, 456.)
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CLASS III.

EEDUCING AGENTS.

General Remarks.—The efficiency of cyanide solutions for gold

extraction depends, as already pointed out, not only on the amount

of free cyanide present, but also on the amount of oxygen. Hence

any substance which is capable of absorbing oxygen will exercise an

injurious effect, and it is sometimes desirable to be able to determine

the amount of such deoxidizing or reducing agent.

We shall first describe a general method for estimating the amount

of reducing agent, irrespective of its actual composition, and after-

wards discuss the methods in use for determining the amount of the

various individual bodies commonly met with in cyanide solutions,

which exercise a reducing influence.

This part of the subject will be considered under the following

heads

:

{A) Eeducing Power.

{B) Ferrocyanides.

(C) Sulphocyanides (Thiocyanates).

{D) Sulphides.

{E) Other Eeducing Agents, Such as Nitrites, Formates, etc.

SECTION A.

(1) Estimation of Eeducing Power.

A rough idea of the relative quantities of reducing agent in vari-

ous solutions may be obtained by comparing the amounts of standard

permanganate required to give a permanent tint to equal volumes of

the different solutions, tested under the same conditions, and acidi-

fied in each case with sulphuric acid.

Pure potassium cyanide and other simple cyanides, when treated

in this way, give hardly any reaction with permanganate, a single

drop of N/10 KMn04 added to the acidulated cyanide solution

being generally sufficient to establish a permanent pink tint, owing
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to the fact that the hydrocyanic acid liberated scarcely affects the

permanganate at all. When ferrocyanides, sulphocyanides, sul-

phides, nitrites, formates, and some other substances are present,

however, the pink color at first disappears rapidly as each drop is

added. Towards the finish the disappearance is sometimes not

sharp, the color fading when the solution is left standing for a few

moments.

Indirect Estimation hy Adding Excess of Permanganate.—^When

the finishing point is indefinite, it is perhaps better to determine the

reducing power by adding to the acidulated solution a moderate

excess of permanganate, allowing to stand for some time, then add-

ing an excess of potassium iodide to the pink liquid until the color

changes to brownish-yellow; in this reaction iodine is liberated in

proportion to the excess of permanganate present. The iodine is

then immediately determined by means of standard thiosulphate,

using starch indicator. As the titration is performed in an acid

liquid, a starch solution prepared with addition of caustic soda may

conveniently be employed; this will keep for a long time, whereas

the ordinary starch indicator must always be freshly prepared.

Deducting the equivalent of the iodine thus found, in terms of

standard permanganate, from the total amount of permanganate

added, we have the quantity of permanganate which corresponds to

the reducing agents present in the solution under examination.

In this process it is assumed that hydrocyanic acid has no action

on iodine. The same assumption is made in the method for esti-

mating cyanogen bromide, to be noticed below. It is possible, how-

ever, that some iodide of cyanogen (ICy) may be formed according

to the reaction

HCy + l2:::=HI + ICy;

but this would introduce no error, as the cyanogen iodide is com-

pletely decomposed by the thiosulphate.

The permanganate may be standardized by adding excess of

potassium iodide to a measured volume and determining the amount

of thiosulphate required to destroy the color.

The starch indicator should be added near the finish, after suffi-

cient standard thiosulphate has been run in to nearly discharge

the original yeUow color of the iodine.*

* Instead of using potassium Iodide and thiosulphate, the excess of perman-
ganate might be determined by means of standard oxalic acid. When the amount
of reducii3g agent Is small, N/lOO solutions of permanganate, etc., should be
used.
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The standard solutions which may be conveniently used are:

(1) Potassium permanganate, KMn04, 3.1606 grams per liter

(decinormal solution). (2) Sodium thiosulphate, NajSzOg-SHjO,

24.822 grams per liter (decinormal solution). (3) Potassium

iodide, KI, 16.602 grams per Uter. (The soUd salt may be used

instead of the latter solution.)

The probable reactions are:

(o) 5KI + KMnO^ + 4^,80^ =
MnSO, + 3K2SO4 + 4H2O + 51.

(6) 2Na2S203 + I2 = 2NaI + Na2S40e.

Definition of Reducing Power.—For the sake of precision in com-

parative tests we may define the 'reducing power' of a solution as

the number of cubic centimeters of N/10 permanganate (3.16

grams per liter) which must be added to give a permanent coloration

with 1 CO. of the solution to be examined, a sufficient amount of

free sulphuric acid being present in every case.

(2) Estimation of Oxidizable Organic Mattee.

Bettel (Proceedings Chem. and Met. Soc. South Africa, Vol.

I., p. 166) gives a method somewhat similar to that just described,

as follows : "In treating spruit tailings, or material containing de-

caying vegetable matter, I offer the following method for testing

colored solutions:

"(a) Prepare a solution of a sulphocyanide so that 1 c.c. sulpho-

cyanide = 1 c.c. N/100 KMnO^.

"(6) To 50 c.c. of the liquid to be tested add sulphuric acid in

excess, and then a large excess of N/100 permanganate. Keep at

60°-70° for an hour, then cool and titrate back with the sulpho-

cyanide solution.

"Eesult:

Oo consumed in oxidizing organic matter -f-

O2 consumed in oxidizing K^FeCyg -\-

O2 consumed in oxidizing KCNS.
"After estimating KCNS and K^FeCyg, a simple calculation gives

the oxygen to oxidize organic matter. The result, multiplied by

9 will give, approximately, the amount of organic matter present."

In order to prepare another portion of the solution for the esti-

mation of ferrocyanides and sulphocyanides, he proceeds as follows

:

The solution is shaken up with powdered quicklime and filtered.
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it is then "of a faint straw color, and is in a proper condition for

analysis. In snch clarified solution the oxidizable organic matter

is no longer present and the ferro and sulphocyanogen estimations

are readily performed.^'

SECTION B.

Estimation of Feeeocyanides.

A very large number of methods have been used or proposed for

the estimation of ferrocyanides, both in cyanide solutions and in

various commercial products in which they occur mixed with other

bodies. These processes may be classified as follows:

(A) Those depending on the conversion of ferrocyanide into fer-

ricyanide in presence of free acid by the action of KMn04.
(B) Those depending on the precipitation of ferrocyanide as

Prussian blue by means of ferric salts.

(C) Those depending on the reactions of ferro- or ferricyanides

with copper salts.

(D) Those depending on the reactions of ferrocyanides with zinc

salts.

(E) Those depending on the estimation of the iron after com-

plete decomposition of the ferrocyanogen by means of strong acids.

Geoup (A).

—

Estimation op • Feeeocyanides by Conveesion

into Feeeicyanides in Acid Solution by Means of

Permanganate.

Method No. 1.

Direct Titration of the Solution.

This process, due to de Haen, is described in Fresenius (Quant.

Anal, 7th ed.. Vol. I., p. 378) and Sutton {Volum. And., 8th

ed., p. 226).

In all cases where the solution contains no other reducing agent

the amount of ferrocyanide may be estimated with tolerable ac-

curacy by this method, since, as pointed out above, the presence of
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cyanides, which are converted on acidulating into hydrocyanic

acid, does not interfere. When much ferrocyanide is present the

solution must be considerably diluted with water, otherwise the

end-point is not sharp. About 100 c.c. of water should be added

for every 0.1 gram of ferrocyanide present.

A N/10 solution of ferrocyanide contains 42.2358 grams

K^FeCye'SHjO per Uter, corresponding volume for volume with

N/10 permanganate containing 3.1606 grams KMn04 per liter. In

practice N/20 or N/100 solutions may be more conveniently used.

The finishing point is shown by the change from yellow to red-

dish-yellow. Ferric chloride may also be used as an external in-

dicator; the reaction is considered to be complete when a drop of

the liquid on a white plate no longer gives a blue tinge with a drop

of ferric chloride.

The reaction of permanganate on ferrocyanide in presence of

sulphuric acid may be represented as follows:

I KMnO, + SK.FeCye + 4H,S0, r=

f BK^SO^ -f MnSO, + 4:11,0 + 5K3FeCye.

Method No. 2.

Precipitation of Ferrocyanide as Prussian Blue, and Subsequent

Solution in Alkalis and Titration with Permanganate.

This modification of de Haen's method was introduced by Erlen-

meyer for the purpose of separating sulphocyanidcs, and other re-

ducing agents from the ferrocyanide, before titration with per-

manganate (Emil Erlenmeyer, Wagner's Jahresh&richt, 1860,

p. 223). Thorpe (Did. of Applied Chemistry, Art. Cyanide,' p.

631) states that of the many methods proposed, Erlenmeyer's is

probably the most exact.

The ferrocyanogen is precipitated by an excess of ferric chloride

in the presence of an excess of hydrochloric acid, as Prussian blue,

which he filters off, washes and decomposes by means of caustic pot-

ash.

(a) 3K,FeCye + 2Fe2Cle = Fe,(FeCyj3 + 12KC1.

(b) Fe,(FeCyc), + 12K0H = 3K,FeCye + 2Fe,(0H)c.
The ferric hydrate is then filtered off, and the ferrocyanogen de-

termined in the acidified filtrate by titration with KMnO^ accord-

ing to de Haen's method.

With regard to this process Bettel remarks (Proceedings Chem.
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and Met. Soc. South Africa, Vol. I., p. 220), "the decomposition

of the Prussian blue by alkali and subsequent titration of the ferro-

cyanide formed is inaccurate on account of the incomplete decom-

position of the ferric ferrocyanide by potash." Bettel suggests the

following method.

Method No. 3.

Estimation of Ferrocyanide by Addition of the Solution to be

Tested to a Known Amount of Acid Permanganate.*

In the absence of organic matter, an acidified solution of a

simple cyanide such as KCy or of a double cyanide (as KoZnCy^),

i.e.j a solution of HCy, is not affected by dilute permanganate.

In presence of zinc, the method is as follows

:

(a) A burette is filled with the cyanide solution to be tested,

and the liquid run into 10 or 20 c.c. of N/lOO permanganate,

strongly acidified with H^SO^ until the color is just discharged.

Result = A (calculated for 50 c.c. of original solution).

(6) A solution of ferric sulphate or chloride is acidified with

sulphuric acid and 50 c.c. of the cyanide solution poured in.

After shaking for about half a minute, the Prussian blue is separated

from the liquid by filtration and the precipitate and filter paper

washed. The filtrate is next titrated with N/100 KMnO^. Ee-

sult = B. Equivalent of ferrocyanide := A—B.

In this process the first titration estimates all the reducing agents,

and the second, all except ferrocyanides, hence the difference of the

two gives the ferrocyanide.

Method No. 4.

Estimation of Ferrocyanide by Preliminary Oxidation to Ferri-

cyanide, then Boiling with Alkali and Ferrous Salt to

Convert Again into Ferrocyanide, Finally Titrat-

ing with Permanganate.

J. Tcherniac (Chemical News, Vol. XLVII., p. 254, abstract

from paper in Zeitschrift f. analyt. Chem. 1883) gives the fol-

lowing method:

The solutions required are : (a) A saturated solution of potassium

permanganate; (6) A standard permanganate solution of which

* Proceedings Chem. and Met. Soc. Soutb Africa.
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1 c.e. corresponds to 0.1 gram K^FeCyg; (c) A solution of ferrous

sulphate containing 50 to 100 grams per liter.

The method as originally described is as follows:

A measured quantity of the solution to be tested, containing

about 3 grams ferrocyanide, is made up to 500 c.c. with sulphuric

acid in a thin measuring flask, and mixed with so much of the

saturated permanganate that the red color does not disappear on

agitation for some minutes. The whole is allowed to stand for about

half an hour (for complete oxidation of ferrocyanides, thiocyanates,

sulphides, etc.) ; after the oxidation is complete, caustic soda is

added in large excess, and the whole is heated to a boil, with con-

stant stirring. The hot solution is mixed with so much ferrous sul-

phate that the precipitate is colored black by the ferroso-ferric oxide

liberated, allowed to cool, filled up to the mark again, and filtered.

In an aliquot part of the filtrate (say, 250 c.c.) the quantity of fer-

rocyanogen re-formed by the ferrous sulphate is determined by titra-

tion with the standard permanganate after acidulation with sul-

phuric acid.

This method is described by Alfred Adair (Journal Chem. and

Met, Soc. South Africa, Vol. III., p. 140) with a slight modifica-

tion, by which it may be applied for the estimation of cyanogen in

commercial cyanide. He states that in the treatment with saturated

permanganate the ferrocyanide is oxidized to ferricyanide only,

whereas eyanates, sulphocyanides and other impurities are either

destructively oxidized, or converted into substances which do not in-

terfere with the final reduction of ferri- to ferrocyanide, and the

titration of the latter with permanganate. He also states that esti-

mations can be made in 15 minutes, and that concordant results are

obtained by different operators,

Adair's modification of Tcherniac's method is as follows

:

The solutions required are: (a) 25 per cent caustic alkali; (h)

20 per cent HgSO^, pure; (c) saturated solution of KMnO^; (d)

saturated solution of FeS04; (e) N/10 KMnO^, or, more conve-

niently, a solution such that 1 c.c. = 0.100 gram total cyanogen.

The permanganate solution (e) is standardized as follows:

Three grams of potassium ferrocyanide, K4FeCy6-3H20, are dissolved

in 300 c.c. water, and 15 c.c. of the 20 per cent H0SO4 (6) are

added, then if n equals number of c.c. of solution (e) consumed

880 X_j — "Value of Cy in grams per c.c.

157.9 n
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(t) Ten grams of the commercial cyanide are weighed into a liter

flask, and about 200 c.c. water added to dissolve it. Add 2 c.c. of

the alkali solution (a) and a quantity of the ferrous sulphate solu-

tion (d) equal to 12 grams FeS04-7H20. Add the latter 5 c.c. at

a time, and shake well.

6KCy 4- FeSO^ -f alkali = K^FeCy« + K2SO4 + alkali.

The reaction is immediate.

[This step, of course, would be omitted where the method is ap-

plied for estimating ferrocyanides only.]

(u) Add sulphuric acid until Prussian blue is formed, then

15 c.c. of the sulphuric acid solution (&) and saturated solution of

permanganate (c), until the color remains persistent; the color

can be seen through the edges. An excess of 1 or 2 c.c. or more

does not matter. The above quantity of acid is enough for each

gram of KMnO^ added, but if more than 1 gram of KMnO^
is used, acid must be added in the same proportion, viz.:

15 c.c. to each gram of KMnO^ used. If much sulphocyanide is

present, allow to stand 15 minutes, and, if necessary, a further addi-

tion of KilnO^ may be made. The reaction is given above (under

Method No. 1).

(Hi) Next add ferrous sulphate solution (d) in quantity equal to

15 grams, and immediately 15 c.c. alkali solution (a). The liquid

must be strongly alkaline. Shake thoroughly and make up to the

mark, again mixing thoroughly. The reaction is

:

KgFeCye + FeSO, + 3K0H =
K.FeCve + Fe(0H)3 + K,SO,.

[This is the simplest possibility, but it may be 2K3FeCya -f-

3FeSO, = Fe3(FeCy,)2H-3K2SO, and FeaCFeCye)^ + 8K0H =
2K,FeCye + "Fe,0^-4B.fi.]

(iv) Filter through a large iolded filter. The titration is com-

pleted by taking 500 c.c, or an aliquot portion, adding 20 c.c.

H2SO4, and then running in the required amount of the standard

KMnO, (e).

The influence of the precipitate on the results is small. It may

be ascertained by testing a weighed portion of pure K^FeCye +
3H2O, adding the quantities of solutions, as for an impure sample.

Thorpe [Diet, of Applied Chemistry, Art. *Cyanide,' p. 633)

criticises Tcherniac's method as applied to the determination of

actual ferrocyanide in the crude product obtained in the process of

manufacture. After giving an outline of the process he says:
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"Tcherniac does not direct us to maintain a red color in the

mixture by occasional addition of more permanganate, but he no

doubt means us to do so. At last the mixture is made strongly

alkaline by addition of caustic soda, heated to boiling and mixed

with ferrous sulphate to reconvert the red into yellow prussiate

with formation of magnetic oxide of iron, which is filtered off.

The filtrate is acidified, and its, prussiate (i.e., ferrocyanide) deter-

mined by titration with a standard solution of permanganate (de

Haen's method ) . , The method obviously is based on the presump-

tion that in the first process of oxidation the thiocyanate is con-

verted into substances not susceptible of conversion into prussiate by

treatment with ferrous hydrate and caustic alkali; but this we be-

lieve is a mistake; as shown by Erlenmeyer, permanganate in acid

solution converts thiocyanate into cyanide and sulphate, and the

HCy, as far as it survives, will be- reported as so much prussiate.'*

6KCy + Fe(0H)2 = K^FeCy^ + 2K0H.

Method No. 5.

Precipitation of Ferrocyanide with Alcohol and Subsequent Titra-

tion with Permanganate.

J. Tchemiac (Zeitschrift f. Anal. Chem., abstracted in Chemi-

cal News, Vol. XLVII., p. 254), operates as follows:

"Ten c.c. of the solution is poured into 70 c.c. of alcohol of 95 per

cent, to which a little acetic acid has been previously added. The
precipitated ferrocyanide, after washing with alcohol of 90 per cent

until the washings are colorless, is dried at 100° C. on the filter, dis-

solved in water, and titrated with permanganate solution." The
method would probably be applicable only to very concentrated so-

lutions.

Group (B).—Estimation op Ferrocyanides by Precipitation

AS Prussian Blue.

Fresenius {Quant. Anal., 7th ed.. Vol. I., p. 380) gives the fol-

lowing method, due to H. Rheineck {Chem. Centralhl., 3871, p.

778), which may possibly be of use in certain cases: It depends on

the fact that when a solution of a ferric salt (sulphate or chloride)

is added with vigorous agitation to a liquid containing ferrocyanide,
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no matter whether a mineral acid is present or not, at first a clear

blue fluid is produced, which becomes afterwards turbid, and when

all the ferrocyanogen is exactly thrown down a flocculent precipitate

of Prussian blue appears suspended in a clear colorless fluid. A
certain measure of the liquid under examination is taken, and the

same measure of a standard solution of ferrocyanide of potassium

;

i(f these are added a solution of ferric chloride from a burette till the

flocculent precipitate separates.

In the case of alkaline liquids the solution must be first acidu-

lated with dilute HjSO^ or HNO3. If thiocyanates be present, the

least excess of iron solution will cause the liquid to assume a deep

red color. The change from blue to red furnishes a very definite

end-reaction.

Group (C).—Estimation of Ferrocyanides by Eeactions

WITH Copper Salts.

Method No. 1.

Estimation by Titration with Copper Sulphate Using Ferric

Chloride as Indicated.

Fresenius (Quant. Anal., 7th ed., Vol. I., p. 380) describes the

following method, due to E. Bohlig (Polytechn. Notizblatt, pp. 16,

81),* as accurate enough for technical purposes. The standard solu-

tions required are 1 per cent copper sulphate, CuS04-5H20 and 0.-4

per cent potassium ferrocyanide, K^FeCyg-SHaO. The solution to

be tested is titrated with the standard copper solution after acidify-

ing with dilute sulphuric acid, until a strip of filter paper dipped

into the mixture no longer becomes blue when a drop of ferric

chloride is put on it.

Any sulphide present in the liquid must first be removed by boil-

ing with lead carbonate and filtering.

The method depends on the precipitation of the brownish-red ferro-

cyanide of copper.

2CuS0, + K.FeCye = ^K^SO^ + Cu^FeCye.

For standardizing the copper solution about 0.2 gram of ferro-

cyanide dissolved in 50 c.c. of water may be used.

My experiments with this method show that while cyanides and

• See also Wagner, Jahresberlcht, 1861, p. 237.



80 CHEMISTRY OF CYANIDE SOLUTIONS.

thioeyanates do not appreciably interfere, the presence of zinc

double cyanide renders the method useless, as a part (and in some

cases the whole) of the ferrocyanogen is precipitated as ferrocyanide

of zinc, and is not determined in the titration.

Method No. 2.

Titration with Copper Sulphate after Adding Ferric Chloride, Fil-

tering off Prussian Blue and Treating with Alkali.

0. Knublauch (Journal Soc. Chem. Ind., Vol. VIII., p. 732,

1889) gives a method originally intended for the estimation of ferro-

cyanogen in spent material from gas purification, but which may be

adapted for the analysis of cyanide solutions. He finds that the

previous method (direct titration with copper sulphate) is affected

6y impurities which either react with the copper or impair the

delicacy of the end-reaction.

The method proposed is as follows : A measured volume of the

liquid to be tested, say, 100 c.c, is run into a sufficient excess of hot

ferric chloride containing hydrochloric acid. (The solution recom-

mended contains, per liter, 60 grams ferric chloride and 200 c.c.

of hydrochloric acid sp. gr. 1.19.) The mixture is then filtered at

80° C. through a folded filter, covered over, in a hot-water funnel,

and the precipitate washed rapidly with hot water. The filter paper

with the precipitate is then spread in a porcelain dish and treated

with 20 c.c. of 10 per cent caustic potash, taking care that none of

the Prussian blue escapes decomposition. The liquid is then fil-

tered, and if free from sulphides it may be titrated at once, after

acidifying with sulphuric acid. In each test 2.5 to 5 c.c. of sul-

phuric acid (1:5) are used.

If sulphides are present, the liquid must first be treated with 1 or

2 grams of lead carbonate and filtered.

The copper sulphate solution used contains 12 to 13 grams per

liter, and is standardized by titrating with a pure ferrocyanide solu-

tion containing 4 grams per liter.

The finishing point may be found either by ^spot test' or 'filter

test.'

In the spot test, a little of the liquid is taken out on a glass rod

and placed on a filter paper. Ordinary white filter paper generally

contains sufficient iron to give a blue color so long as ferrocyanide is
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in excess, or a drop of very dilute ferric chloride may be placed on the

paper near the spot, so that the reaction is observed at the contact of

the two liquids. When the blue color ceases to be formed, the titra-

tion is complete.

In the filter test a portion of the liquid is carefully filtered

through a minute filter, and the clear liquid tested with ferric chlo-

ride ; this is the more delicate test and always registers slightly higher

than the spot test.

Care must be taken to always use the same proportion of acid in

the titration, and to allow in all cases the same time for the copper

sulphate to react, and for the blue color to appear in testing (3

minutes in the spot test and one-quarter to one-half minute in the

filter test). As a rule the spot and filter titrations only differ from

0.2 to 0.6 c.c. of copper solution, when from 8 to 12 c.c. of the above

standard have been used, and the finishing point may be determined

to 0.2 c.c.

Special Modification of Knublauch's Method.—In some cases, in-

stead of the blue color disappearing sharply at a certain stage, it is

found that the solution, in the filter test, remains persistently green

or greenish-yellow, so that the filter test registers much higher than

the spot test ; moreover, in such cases the spot test with ferric chlo-

ride registers higher than the spot test on filter paper alone. This

is stated to be due to the presence of other substances containing

iron and cyanogen in varying quantities, and also containing sul-

phur. These substances appear to undergo gradual decomposition,

j-ielding ferrocyanides, and they are also decomposed by potash

and precipitated by ferric chloride.

The modified method proposed in such cases is as follows : Add
to 200 or 300 c.c. of the solution, slightly more copper sulphate

solution than is required by the spot titration; filter, pour the fil-

trate into hot ferric chloride (to precipitate any residual ferro-

cyanogen not indicated by the copper titration) ; decompose and ti-

trate the Prussian blue formed, and, if it is thought desirable, the

filtrate from this precipitate is treated in the same manner. The
numbers obtained in this way are added as corrections to the num-
bers obtained in the usual manner, and it is then found that the

spot and filter titrations approximate more and more, the latter

becoming less, the former increasing. It therefore seems that in

these cases the spot test shows too little and the filter test too

much.
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Method No. 3.

Estimation of Ferrocyanides by Conversion into Ferricyanides, and

Titration with Copper Nitrate with Ferrous Sulphate

as External Indicator.

F. Hurter (Chemical News, Vol. XXXIX., p. 25) describes the

following method for determining small quantities of ferrocyanides

in presence of cyanates, thiocyanates, cyanides, sulphides and thio-

sulphates: 100 c.c. of the solution are boiled with solution of

bleaching powder, in quantity sufficient to convert all sulphides and

thiosulphates into sulphates, and the ferrocyanide into ferricyanide.

The liquid is then acidified and freed, as far as possible, from the

excess of chlorine by warming and agitating it. It is then titrated

with N/20 solution of cupric nitrate, prepared by dissolving 3.1785

grams of metallic copper in as little nitric acid as possible, and dilut-

ing to one liter. On adding this solution to the acidulated liquid

containing ferricyanide, a yellow precipitate of cupric ferricyanide

is formed.* Drops of the thoroughly mixed liquid are taken up

with a glass rod and added to drops of a 1 per cent solution of crys-

tallized ferrous sulphate on a porcelain plate. As long as insufficient

copper solution has been added to combine with the whole of the fer-

ricyanide present, the deep blue ferrous ferricyanide is formed on

the porcelain. When the liquid no longer contains soluble ferricya-

nide the indicator acts on the copper precipitate, and reduces it to the

characteristic chocolate-colored cupric ferrocyanide. Hence the end

of the reaction is indicated by a brown color being produced on the

porcelain instead of the blue first obtained. Each c.c. of the copper

solution added before this result is obtained represents 0.01013

gram of Na4FeCy6 in the liquid. The method is not suitable for

the determination of large quantities of ferrocyanides, as the color

of the copper precipitate obscures the blue color, and the precipitate

is not always of definite composition.

It is evident that this process is also adapted for the direct esti-

mation of small quantities of ferricyanide.

A practically identical method is described by Sutton (Volum.

Anal, 8th ed., p. 226).

Method No. 3 (a).—The following modification of Hurter's

Cu.(FeCy.)».
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method appears to be a simple and accurate method of estimating

ferrocyanides in presence of zinc.

1. Heat the solution to about 80° C, make strongly alkaline with

NaOH, add Na,S in slight excess, agitate, settle, filter and wash

well with hot water. The filtrate is practically free from zinc.

2. Cool the solution, acidulate with H2SO4, and add N/10
KMn04 till HgS and other reducing agents are completely oxidized,

and a faint reddish tint is permanent.

3. Titrate with standard copper sulphate solution, using ferrous

ammonium sulphate as indicator, in spots, on a white plate. The
end point is very sharp and definite.

Group (D).—Estimation of Ferrocyanide by Eeactions with
Zinc Salts.

Method No. 1.

Titration with Zinc Sulphate, Using Ferric Chloride as Indicator.

A method based on this principle is described by J. Miiller

(Wagner's Jahreshericht, 1861, p. 238), and K. Zulkowski (Jahres-

hericht, 1883, p. 491). According to the latter, constant results can

only be obtained with hot solutions. A suitable standard is ob-

tained by dissolving 111 grams of the double salt (ZnSO^KoSOi-
6H,0) in water and diluting to one liter.

Ten c.c. of this zinc solution are measured out, mixed with 5 c.c.

of dilute sulphuric acid (1:5) -and 20 c.c. of water, and the whole

is heated to boiling. The solution to be tested is run from a burette

into the hot liquid until, when a drop of the mixture is put on a

piece of filter paper and a drop of very dilute ferric chloride solution

put on the zone of paper soaked in the solution, it just produces

a blue color. The precipitate remains localized in the place where

the drop was put down. The zinc solution should be standardized

on a model solution prepared from pure ferrocyanide, containing

approximately the same percentage as the solution to be tested. Ac-

cording to Thorpe {Diet, of Applied Chemistry, Art. 'Cyanide')

the method gives only moderately exact results.

In applying the above process E. Gasch (Abstract in Journal

Chem. Soc, 1890, p. 834) employs a 1 per cent solution of uranium

acetate, instead of ferric chloride. With this indicator, ferrocyanides
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give a brown coloration. Gasch also uses a standard 2 per cent so-

lution of potassium ferrocyanide, against which he titrates the zinc

solution, instead of using a standard solution of zinc sulphate, as in

Zulkowsky's original process.

When the ferrocyanide is only present in very small amount it is

preferably precipitated as Prussian blue, filtered and dissolved in

caustic alkali solution, after which it is titrated as described above.

Method No. 2.

Estimation of Ferrocyanide by Titration of Alkali Generated on

Addition of Zinc Carbonate.

The following method is described by E. Zaloziecki (Zeitschrift f.

Anal. Chem., Vol. XXX., p. 484; see abstract in Chemical News,

1891, p. 207). It is based on the fact that ferrocyanide of po-

tassium or sodium may be completely precipitated, in the form of

double ferrocyanide of zinc and alkali metal, by the addition of

zinc carbonate, and subsequent passage of a current of carbonic

acid gas. The double ferrocyanide is then transformed into the

corresponding sodium or potassium carbonate, and the quantity of

ferrocyanide originally present found by titrating the alkaline car-

bonate formed. According to Zaloziecki, 3 molecules of K^FeCyg

yield on decomposition 2 molecules of ZugFeCyg, whilst 1 molecule

of K4FeCy6 remains undecomposed. The double salt, therefore,

corresponds to the formula,

2Zn,FeCye + K^FeCy^,

its decomposition by zinc carbonate being represented by the follow-

ing equation

:

3K,FeCye + 4ZnC03 = (2Zn.FeCye)K,FeCye + 4:K,C0,.

With potassium ferrocyanide the reaction takes place hot or cold.

With sodium ferrocyanide the above reaction only takes place in hot

solutions, the reaction in the cold giving a double salt poorer in zinc.

For this reason it is necessary always to operate with hot solutions.

Four parts of carbonate found should correspond to three parts of

ferrocyanide in the original substances.

When cyanides or other substances alkaline to the indicator used

are also present, they must, of course, be removed or allowed for.

This reaction between ferrocyanides and zinc carbonate forms the

basis of the methods recently described (Oct., 1901) by L. M.
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Green, in a paper laid before the Institute of Mining and Metal-

lurgy for estimating zinc, ferrocyanides and alkali in cyanide solu-

tions containing zinc. The method will be more conveniently dis-

cussed in connection with the determination of zinc.

Group (E).—Estimation of Ferrocyanide by Determining

THE Iron Contents after Complete Decomposition

OF Ferrocyanogen.

Method No. 1.

Treatment by Evaporation with Mineral Acidi.

According to W. J. Sharwood (Engineering and Mining Journal,

1898, p. 216), the methods for estimation of ferrocyanides and

thiocyanates based upon oxidation by permanganate were found to

be totally unreliable when tested experimentally upon solutions con-

taining known quantities of the substances accompanying them in

cyanide solutions.

He therefore takes 100 c.c. of the solution, evaporates twice with

nitric acid, redissolves the residue in dilute sulphuric acid, and pre-

cipitates the iron by excess of ammonia. The precipitate is then at

once redissolved in hydrochloric acid, and the iron estimated colori-

metrically as thiocyanate, unless the quantity is sufficient to allow of

reduction by zinc and titration with permanganate,

Fe X 7.562 = K^FeCyeSH.O.
The method advocated by Mbldenhauer and Leybold (see Allen,

Comm. Org. Anal., Vol. III., pt. 3, p. 467) is practically identical

with the above.

Method No. 2.

Decomposition of Ferrocyanide after Precipitation as Prussian Blue.

The following method, due to W. Leybold (Joum. f. Gasheleuch-

tung, XXXIII., pp. 437-428),* is intended specially for the estima-

tion of cyanogen in coal gas, this impurity being removed and con-

verted into ferrocyanide by passing the gas through vessels containing

See also Journal Soc. Chem. Ind., Vol. IX., pp. 923-979, 1890.
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ferrous hydrate. The method, so far as concerns the estimation of

ferrocyanide, is as follows:

The filtered liquid is acidified with HCl and ferric chloride

(1:10) added in excess. The precipitate of Prussian blue is

filtered off and washed till the washings are colorless, put in a beaker

with the filter paper and a little caustic soda added. After decom-

position, the ferric oxide is filtered off and washed till free from

ferrocyanogcn. The filtrate is then evaporated in a platinum basin

to about 30 c.c. and strongly acidified with sulphuric acid (1: 10),

evaporated to dryness and ignited. The residue is then extracted

with 100 c.c. of dilute sulphuric acid, washed with 50 c.c. of water

and poured into a 250 c.c. flask. One c.c. of copper sulphate solu-

tion (1: 10) and 10 grams of pure zinc are added, and the whole

allowed to stand till completely reduced. The iron is then deter-

mined by permanganate in the usual w&y. (See App., p. 172.)

Comparative Tests with Different Methods of Estimating

Ferrocyanide.

A model solution was prepared of the following theoretical com-

position :

Free cyanide, 0.2%. Thiocyanate, KCyS, 0.04%.

Cyanide as K^ZnCy^, 0.2%. Sodium bicarbonate, 0.39%.

Ferrocyanide, K^FeCyeSHaO, 0.2%. Sodium carbonate, O.OG^o.

Ammonium chloride, 0.1%.

This was tested for ferrocyanide:

(A) By evaporation with acids and determination of total iron

(Group E, No. 1).

(B) By Erlenmeyer's method (Group A, No. 2).

The results were

:

Method A. - Method B.

0.203% 0.203%

0.211%; 0.219%

0.207% 0.194%)

Mean, 0.207% 0.205%,

Tests made by Bettel's method (running liquid to be tested into

acidulated permanganate) were indefinite and totally erroneous.

For further tests, see pp. 143-160.
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SECTION C.

Estimation of Thiocyanates (Sulphocyanides).

The methods proposed may be classified as follows:

(A) Methods depending on oxidation of thiocyanate by perman-

ganate.

(B) Methods depending on oxidation of thiocyanate by iodine in

neutral solution.

(C) Colorimetric method, using ferric salts.

(D) Precipitation with copper salts in presence of a reducing

agent.

Group (A).

—

Estimation of Thiocyanates by Oxidation with
Permanganate.

This method has been already alluded to in discussing the re-

actions of permanganate with ferrocyanides, and in connection

with Bettel's method (see p. 75) for estimating the latter. It

depends on the reaction:

GKMnO^ + 12H2SO4 + 5KCyS =
IIKHSO4 + GMnSO^ + 5HCy + 4H2O.

It will be observed that the reducing power of thiocyanates is

much greater, weight for weight, than that of ferrocyanides, since

1 c.c. N/100 KMnO, = 0.00016193 gram KCyS,
= 0.0036831 gram K^FeCyg.

Hence it is preferable to use a N/10 solution of permanganate in

this case.

When ferrocyanides are also present they may be separated by

precipitation as Prussian blue as already described, but the pre-

cipitate must be very thoroughly washed. Other forms of oxidiz-

able organic matter are previously removed by shaking with lime

and filtering. (See above.)

Group (B).—Estimation op Thiocyanates by Oxidation with
Iodine.*

Thiocyanates (sulphocyanides) react with iodine in presence of

an alkaline bicarbonate, as follows:

* Rupp and Schled : Berichte 35 [121, 2101-2195; see also Journal Soc.
Chem. Ind., 1902, Oct. 31.
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KCNS + KHCO3 + 81 + 3H2O =
KHSO4 + 6HI + CO2 + KI + ICN.

In the first account of the method, the following description is

given: "A known quantity of thiocyanate solution is allowed to

stand with excess of N/10 iodine and about 1 gram of sodium bi-

carbonate in a stoppered bottle for half an hour in the dark, and the

excess of iodine titrated with sodium thiosulphate."

A. Thiel {Berichte, 35 [15], 3766), gives a modification of this

as follows: "Ten c.c. of the thiocyanate solution and 2 grams

of sodium bicarbonate, with sufficient water to effect com-

plete solution, are placed in a loosely-stoppered flask with 50 c.c. of

N/5 iodine solution, and allowed to stand at room temperature for

four hours. N/2 hydrochloric acid is then added, and the excess of

iodine titrated with N/10 thiosulphate solution."

Rupp and Schied state that the presence of cyanogen iodide

prevents the use of starch as an indicator, and on account of the

yellow color produced by the same compound with KI, it is ad-

visable to work with such quantities that not more than 20 c.c. of

iodine solution are required. The end of the reaction is shown by

the disappearance of the yellow color. Shaking the bottle should

be avoided in order to prevent the evolution of carbonic acid. The

method gives good results in presence of chlorides.

Procedure in Presence of Cyanides.—In presence of cyanides, boil-

ing with about | gram of tartaric acid for 15 minutes in an open

flask is sufficient to get rid of all hydrocyanic acid and the thio-

cyanate may then be estimated as above. In the same way a mix-

ture of thiocyanate with chloride and cyanide may be estimated thus

:

(a) 10 c.c. of the solution are precipitated with 20 c.c. of AgNOg,
acidulated with HNO3, the solution made up to 100 c.c. and fil-

tered, the excess of silver being estimated in the filtrate with

N/IOKCNS. (Volhard's method.) Eesult (a). Fifty c.c. of the

original solution are boiled for 15 minutes with 1 gram of tartaric

acid to decompose the cyanide, and the solution made up to 100 c.c.

In 20 c.c. of this diluted solution the chloride and thiocyanate are

determined by Volhard's method. Result (6). And in a further

10 c.c. the thiocyanate (alone) is estimated with iodine as above.

Result (c).

(a) = KCl -f KCNS + KCN.
(&) =KC1+KCNS.
(c) = KCNS.
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I may add that I have tested this method, with satisfactory re-

sults. When zinc is present, a precipitate occurs on boiling with

tartaric acid, but this may be filtered off and the thiocyanate esti-

mated in the filtrate without difficulty.

Group (C).—Estimation of Thiocyanates by Colorimetric

Method.

As is well known, ferric salts give a very delicate reaction for

thiocyanates; a very small trace is sufficient to produce in neutral

or slightly acid solutions an intense and characteristic blood-red

tinge.

The test may be made as follows (W. J. Sharwood, Engineering

and Mining Journal, 1898, p. 216) : 10 or 20 c.c. of the solution

to be tested are acidulated with hydrochloric acid, ferric chloride

added, and the color compared with that produced by standard

thiocyanate under the same conditions. When ferrocyanides are

also present the precipitate formed must be filtered off before the

tint can be compared, and the precipitate well washed.

See Appendix, page 174.

Group (D).— Estimation of Thiocyanates by Precipitation

AS Cuprous Salt, Using Ferrocyanide as Indicator.*

This method depends upon the fact that when a solution of a

cupric salt is added to a solution of a thiocyanate in presence of a

reducing agent, such as sodium bisulphite, the insoluble cuprous

salt of thiocyanic acid is precipitated, the end of the reaction being

ascertained by a drop of the solution in the flask giving a brown

coloration when brought in contact with a drop of ferrocyanide.

The following reaction takes place

:

2CUSO4 + 2KCNS + Na^SoOs + H^O =
Cu^SCSCN), + K^SO, + 2NaHS0,.

The solutions required are:

(1) A standard solution of cupric sulphate, CuSO^-SHjO, con-

taining 6.243 grams per liter, 1 c.c. of which is equivalent to

0.001452 gram SCN.

(2) A solution of sodium bisulphite of sp. gr. 1.3.

(3) A solution of potassium ferrocyanide 1 : 20.

The Hquid to be tested must be boiled after addition of the bi-

sulphite, about 3 c.c. of the latter to 25 c.c. of the liquid to be ex-

amined. A measured volume of the copper solution is then run in,

* Barnes and Liddle, Journal Soc. Chem. Ind. II., p. 122: see also Sutton,
Volum. Anal., 8th ed., p. 228.
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well shaken, and the precipitate allowed to settle for about a minute.

A drop taken out on a glass rod and brought in contact with a

drop of ferrocyanide on a white plate gives an immediate brown

coloration as soon as an excess of copper is present. The change

must be immediate, as a brown color develops on standing, even

when the reaction is not complete. The test should be repeated after

a preliminary approximation has been obtained, finally adding the

copper solution drop by drop when near the finishing point.

See Appendix, pages 173, 175.

SECTION D.

Estimation of Sulphides.

Alkaline sulphides are rarely found in working cyanide solutions,

although a small percentage frequently occurs in samples of com-

mercial cyanide. Where the zinc precipitation process is used, it

is probable that the zinc double cyanide in the solution precipitates

as ZnS any small quantity of sulphide which may be present.

When soluble sulphides occur in the solution or in commercial

cyanide, they may be estimated by one or other of the following

methods

:

1. Gravimetrically, in several ways; for example, by precipitation

with lead salts, and subsequent oxidation to sulphate.

2. By precipitation as lead sulphide, and conyersion into sul-

phocyanide by means of pure cyanide.

3. Colorimetrically, by means of sodium nitroprusside.

4. By means of double silver cyanide.

Numerous other methods might be used with suitable modifica-

tions to make them applicable to complex cyanide solutions. (See

Fresenius, Quant. Anal., 7th ed.. Vol. I., pp. 380-390.)

Method No. 1.

Gravimetric Estimation of Sulphides by Means of Lead Salts.

An excess of carbonate of lead, or an alkaline lead salt such as a

solution of oxide of lead (plumbate), or tartrate of lead in excess of

caustic alkali is added to the cyanide solution, and the precipitate
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of lead sulphide collected on a filter and washed. The precipitate is

then oxidized by means of chlorine or bromine in presence of an

excess of alkaline hydrate, filtered, and the solution acidified. The

excess of chlorine or bromine is then boiled off, the sulphuric acid

precipitated by barium chloride and determined in the usual way.

The method is stated to be accurate but tedious.

Method No. 2.

Precipitation by Means of Lead Salts and Conversion into Thio-

cyanate.

This method is described by Feldtmann and Bettel {Proceedings

Chem. and Met. Soc. South Africa, Vol. I., pp. 267-373). It is

based on the fact that lead sulphide is decomposed by alkaline cyan-

ides on exposure to bright simlight, or in presence of hydrogen

peroxide, with conversion of the sulphur into thiocyanate. The

latter may then be estimated by one of the methods described above

{e.g., by titration of the acidulated solution with X/100 perman-

ganate), and the amount of sulphide found by calculation.

The method is as follows

:

The solution is agitated with a slight excess of precipitated lead

carbonate and filtered. The precipitate, consisting of lead carbon-

ate and sulphide, is transferred to a flask and covered with a few c.c.

of a solution of potassic or sodic cyanide free from sulphides, sul-

phocyanides or ferrocyanides. This is best prepared from pure potas-

sic or sodic hydrate and pure hydrocyanic acid. A slight excess of

hydrogen peroxide is then added, about 3 or 4 times as much as is

necessary to whiten the precipitate, and allowed to act for from 10

to 15 minutes. A small quantity (say half a gram) of manganese

dioxide is added, and the mixture agitated for about two minutes to

destroy the excess of hydrogen peroxide.

H2O, + 2MnO, = H2O + Mn^Og + O^.

Mn.Oa -fH2O2 = HoO -f 2Mn02.

The solution is then filtered off, acidified with sulphuric acid, and

titrated with N/100 permanganate.

1 c.c. N/100 KMnO^ = 0.00005345 gram S.

= 0.00018345 gram K2S.

= 0.00016193 gram KCNS.
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The same conversion may be effected without the use of hydrogen

peroxide by merely exposing the mixture of lead sulphide and pure

cyanide to bright sunlight for several hours.

Method No. 3.

See Appendix, page 176.

Colorimetric Estimation of Sulphides by Means of Sodium

Nitroprusside.

This method, devised by Dr. J. Loevy of Johannesburg, is very

rapid and simple. The solutions required are:

(a) Standard sodium sulphide: 40 grams NagS and 0.2 gram

NaOH dissolved to a liter. 1 c.c. of this solution = 0.01643 gram S.

(b) Standard zinc sulphate: 43.82 grams ZnSO^-TH^O per hter.

1 c.c. = 0.01 gram Zn.

(c) Sodium nitroprusside : 5 grams of the salt dissolved in

100 c.c. water, to which 4 to 6 drops of 5 per cent cyanide are

added.

For the estimation of sulphides in samples of commercial cyanide

the method is carried out as follows:

A. Ten grams of the cyanide to be examined are dissolved in

water and made up to 500 c.c. Of this solution, 100 c.c. are placed

in a cylinder.

B. Ten grams of cyanide free from sulphides is also dissolved

to 500 c.c. and 100 c.c. placed in another similar cylinder.

One c.c. of the nitroprusside solution is then added to each

cylinder, which gives an intense violet color when sulphides are

present. The standard sulphide solution (a), diluted in the pro-

portion 1 : 10, is now added drop by drop to the cylinder B (contain-

ing pure cyanide) until the tint is the same in each.

The sodium sulphide solution is standardized by means of the

zinc solution (&), using filter paper dipped first in ferric chloride,

then in very dilute ammonia as an indicator.

[I find that this may be done much more easily, and probably

more accurately, by making use of the method (No. 4) described

below.]

1 c.c. zinc solution = 0.00488 gram sulphur.

Preparation of Sodium Nitroprusside.—Concentrated nitric acid

is diluted with its own volume of water. This diluted acid is mixed

with powdered potassium ferrocyanide in the proportion:
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2 parts K^FeCje-SHaO,

5 parts diluted HNO3.
The salt dissolves to a coffee-colored liquid evolving COj, N, CN

and HCX, It is warmed on a water bath until the liquid gives a

dark green or slate colored precipitate instead of a blue precipitate

with ferrous sulphate. It is then, cooled, neutralized with sodium

carbonate and filtered.

Method No. 4.

Estimation of Sulphides by Adding Double Cyanide of Silver and

Titrating the Free Cyanide Liberated,

On adding an excess of a solution of the double cyanide of silver

to a liquid containing alkaline sulphides, free cyanide is produced

in proportion to the amount of sulphide present, thus

:

2KAgCy2 + K.S = Ag^S + 4KCy.

After filtering off the precipitated sulphide of silver, the cyanide

is estimated by adding potassium iodide and titrating in the ordinary

way with silver nitrate.

Any cyanide originally present in the liquid must be separately

determined after treatment with lead carbonate, and the amount

deducted from that previously found.

For rapid approximate results, the solution, after addition of the

silver double cyanide and thorough agitation, may be made up to a

definite volume, and an aliquot part filtered off for titration. The
silver sulphide generally settles rapidly and is easily filtered ; a little

lime may, however, be added with advantage, in some cases.

The results obtained in numerous tests with this method were

strictly proportional to the amount of sulphide present.

The silver double cyanide is prepared by adding silver nitrate to a

solution of, say, 0.5 per cent KCy until a slight permanent tur-

bidity is formed, allowing to stand for some time, and filtering.

See Appendix, page 178.

SECTION E.

Other Reducing Agents.

Estimation of Nitrites.—The presence of nitrites may be de-

tected by,the liberation of iodine when potassium iodide is added
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to a solution slightly acidulated with sulphuric acid. Cyanides,

ferrocyanides and thiocyanates do not interfere, but ferricyanides

must be absent, as they give the same reaction. The haloid com-

pounds of cyanogen also decompose potassium iodide in the same

way.

Mtrites also reduce permanganate, and would be determined

along with thiocyanates, etc., in the processes described above.

They may be estimated in cyanide solutions by the iodometric

method of Dunstan and Dymond (Phar. Journ. [3] XIV., p. 741,

and Sutton, Volum. Anal., 8th ed., p. 292), which depends on the

reaction with potassium iodide just described. The operation must

be conducted in absence of air, and the solution of potassium iodide

and sulphuric acid must be boiled to expel air and any traces of

free iodine before admitting the cyanide solution in which the nitrite

is to be estimated. When the reaction is complete, the liberated

iodine is determined in the usual way by standard thiosulphate with

or without starch indicator.

The potassium iodide and sulphuric acid (10 per cent solution)

are first boiled in a flask provided with a funnel connected by means

of a piece of rubber tubing and a screw clamp, so that it may be

closed air-tight as soon as all air has been expelled and steam is issu-

ing from the flask. The liquid to be examined is then introduced

through the funnel by opening the clamp cautiously, and the funnel

is then washed with water free from air. The thiosulphate solu-

tion may be admitted through the funnel in the same way.

The reactions occurring are:

(a) H^SO, + 2KI = K^SO, + 2HI.

(&) H2SO4 + 2KNO2 = K2SO4 + 2HNO2.
(c) 2HI -j- 2HNO2 = 2H26 + 2N0 + la.

See Appendix, page 183.
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CLASS IV.

AUXILIAKY AGENTS.

General Remarks.—^We shall include under this heading any sub-

stance which hastens the rate of solution of the precious metals by

cyanide, or which causes the extraction of these metals from com-

pounds which would not otherwise be attacked.

From what has already been said, it is evident that oxygen, or any

substance capable of supplying oxygen directly or indirectly to the

solution, is in this sense, under ordinary circumstances, an auxiliary

agent. There are also some other substances which do not contain

oxygen, and which do not, at all events, act directly as carriers of

oxygen, which nevertheless exert a marked influence in increasing

the rate of solution.

We shall here consider

:

A. Oxygen. C. Peroxides.

B. Active Haloids. D. Ferricyanides.

SECTION A.

Estimation of Oxygen.

A correct determination of the amount of free oxygen or its

equivalent would be of the greatest value in determining the effi-

ciency of a cyanide solution. Unfortunately no method has so far

been suggested which does not involve more or less complicated

operations and delicate manipulations. Two methods have been

proposed for determining the amount of free oxygen in cyanide

solutions, both of them based upon well-known processes for the

determination of dissolved oxygen in water. These are:

1. The gasometric method, based on that of Lunge and

Schmidt (Zeitschrift f. Anal. Chem., Vol. XXV., p. 309).

2. The iodometric method, based on Thresh's process.
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Method No. 1.

Estimation of Oxygen by Process Based on the Gasometric Method

of Lunge and Schmidt.

An account of this process is given by Battel {Proceedings Chem.

and Met. Soc. South Africa, Vol. I., p. 276), its application to

cyanide solutions being based on the assumption that the dissolved

oxygen is expelled without appreciably attacking the cyanide or the

impurities contained in the solution when the latter is boiled at

80° C. under reduced pressure for about 15 minutes. This does not

apply to sulphides, which must be removed before making the test.

The process is identical with that described in Sutton's Volumetric

Analysis (8th ed., p. 613), where full details are given as to the

apparatus and manipulations required. It involves the use of a

nitrometer, consisting of a graduated tube or burette connected at'

the upper end by means of a two-way cock with a small funnel and

with a side tube, which can be joined by rubber tubing with the

flask containing the solution to be examined.

When the method is applied to cyanide solutions, the temperature

and specific gravity of the liquid must be taken for the purposes of

calculation.

When sulphides are present, carbonate of lead is added, suspended

in a few c.c. of the liquid, and allowed to settle in a bottle filled to

the neck. The clear liquid is then used.

The gases present will be nitrogen, oxygen, and traces of am-

monia. If hydrocyanic acid is found in the liquid before boiling,

ammonic cyanide vapor may be present in the collected gases.

Before collecting the gases, about 1 c.c. of caustic potash solution

is admitted to the nitrometer, and mixed with the condensed water

in the collecting tube of the same. The gas is then transferred to

the second nitrometer, which contains a drop of sulphuric acid.

This absorbs the ammonia. The gas, now cooled and measured, con-

sists of nitrogen and oxygen ; it is transferred to a third nitrometer,

containing alkaline pyrogallate. After the oxygen is absorbed, the

residual nitrogen is transferred to the measuring nitrometer, cooled,

and the volume, etc., noted. The loss in volume is then calculated

to normal temperature and pressure, from which is deduced the
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number of c.c. oxygen at normal temperature (0° C.) and pressure

(760 mm.) per liter of cyanide solution.

Bettel states that the following decompositions occur when cyan-

ides and cyanates are boiled under the conditions of the test:

(1) MC^ 4- 2H2O =: MHCO, -f NH3.

(2) 2MCN0 + 4H2O = M2CO3 -f (NHJ2CO3.
He also says that the dissolved oxygen does not perceptibly attack

the formates, sulphocyanides, ferrocyanides, nickel, cobalt, copper

and zinc compounds in solution-

Method N'o. 2.

Estimation of Oxygen by a Modification of Thresh's lodometric

Method.

This method is fully described by A. F. Crosse {Journal Chem.

and Met. Soc. South Africa, 1899, pp. 107-112). See also, for de-

tails of Thresh's process, Sutton {Volum. Anal.^ 8th ed., pp. 305-

310) and Journal Chem. Soc. (Vol. LVII., p. 185).

It is based on the fact that when potassium iodide and a nitrite

are added to water, which has been acidulated with sulphuric acid,

iodine is liberated in addition to the amount due to the reaction:

(a) H2SO, + KI + KJTO2 = K2SO4 + H^O + NO -f I,

this additional decomposition arising as follows:

(b) 3H2SO, + 4KI + 2KXO2 + = 3X^80^ + SHjO + 2N0
-f2I,.

From these reactions it will be seen that 16 parts of oxygen liber-

ate 2 X 126.92 parts of iodine (deducting the iodine due to reac-

tion a).

The solutions required are:

1. Combined nitrite and iodide solution consisting of

:

Sodium nitrite, 0.5 gram;

Potassium iodide, 20 grams;

Distilled water, 100 c.c.

2. Dilute sulphuric acid

:

Pure concentrated H2SO4, 1 part;

Distilled water, 3 parts.

3. Clear fresh solution of starch.

4. Sodium thiosulphate, 7.757 grams in 1 Hter; 1 c.c. corresponds

to 0.25 milligram of oxygen.

5r Zinc sulphate, 200 grams ZnS04.7H20 per liter.
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6. Bromine water, consisting of

Bromine, 1 part;

Water, 2 parts.

The operation is conducted in an atmosphere free from oxygen,

e.g.j of coal gas. This may be conveniently arranged by using a

wide-mouthed jar of about 500 c.c. capacity, closed by a rubber

stopper having four perforations : two of these are for the entrance

and exit of the gas, one to receive a separating funnel through

which the solution to be tested is introduced, after addition of the

necessary reagents, and the fourth to admit the thiosulphate solu-

tion for titrating the liberated iodine.

The separating funnel has a stopper at the upper and a tap at the

lower end, and its capacity must be accurately determined.

Preliminary Tests.—In the method as modified by Crosse the solu-

tion is first prepared by removal of all cyanides and absorbents of

iodine. For this purpose the solution to be examined is first treated

with zinc sulphate. A bottle capable of holding 2| liters of the

liquid to be tested is carefully filled and well stoppered, its exact

capacity being known.

Test for Zinc Required to Precipitate Cyanide.—One hundred c.c.

are withdrawn from the large bottle and titrated with the zinc sul-

phate solution (No. 5 above), using phenol phthalein as indicator,

until the tint is just destroyed. The calculated quantity of zinc

sulphate is then added to the large bottle (without admitting air),

the contents well shaken and allowed to settle.

Test for Iodine Absorbents.—A quantity of the prepared solution

(siphoned off without allowing access of air) is mixed with a

little of the dilute sulphuric acid (No. 2) and a few drops of potas-

sium iodide and starch. Dilute bromine water (No. 6) is added

until a blue color is obtained.

Test for Oxygen.—The separating funnel is now filled with the

prepared solution. The same amount of sulphuric acid (say, 0.9 c.c.

for 300 c.c. of solution), as in the previous test, and the amount of

bromine water shown to be necessary, are now introduced and mixed

by closing the stopper and turning the vessel over several times.

Next, 1 c.c. of the nitrite and iodide solution (No. 1) are intro-

duced, and the stopper immediately replaced. The lower end of the

funnel is now inserted through the stopper of the wide-mouthed jar

described above, which has previously been connected with the gas

supply and with the burette containing the standard thiosulphate.
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The apparatus is filled with gas and allowed to remain at rest for

15 minutes. The stopper of the funnel is then opened, and the tap

turned so that the mixture is allowed to run into the jar. The

thiosulphate is now run in slowly through a tube drawn out to a

rather fine point, and connected at its upper end, by means of rubber

tubing, with the burette from which the standard thiosulphate

(No. 4) is delivered. When the color of the iodine is nearly dis-

charged, starch solution is introduced through the funnel, and the

titration continued. At first the color, after being completely dis-

charged, returns on standing for a few seconds.

Correction for Nitrites in Solution and Reagents Used.—In cases

where nitrites are present the process is altered as follows: Add
potassium hydroxide and then zinc sulphate; determine the thio-

sulphate required by Thresh's method with clear solution after

settlement and decantation; make a qualitative test for nitrites by

acidifying a little of the clear solution with dilute sidphuric acid

and adding potassium iodide and starch, and finally apply a correc-

tion for the nitrites and reagents used. The test required for this

correction is as follows : "Pour into a very strong 350 c.c. flask a

quantity of solution equal to that used in the experiment (say,

293 c.c), add a few drops of KOH and close the flask with a rubber

stopper having one perforation, through which is passed a glass tube

with a glass stop-cock. Boil the solution for a few minutes and

close the stop-cock. Cool the flask, and when cold pour the liquid

into the funnel of Thresh's apparatus, add 1 c.c. of the iodide

and nitrite solution and 1 c.c. of sulphuric acid (1:1). Allow to

stand for 10 minutes and titrate in an atmosphere of coal gas, as

previously described." The quantity of thiosulphate required gives

the correction for nitrites and for the reagents, as the same amounts

of reagents are used in both tests.

Simplified Process.—The following simplified method is described

by A. F. Crosse (Journal Chem. and Met. Soc. South Africa, Vol.

III., p. 4). A solution is prepared containing potassium iodide, 20

grams, potassium nitrite, 2 grams, made up to 100 c.c.

The cyanide solution to be tested is siphoned into the separating

funnel without previous treatment with zinc sulphate, then 1 c.c.

of the above iodide and nitrite solution is added, and 3 c.c. of sul-

phuric acid (1: 1). After shaking up and allowing to stand for

15 minutes, titrate as before described, in an atmosphere of coal gas,

with the same thiosulphate solution (No. 4 above). There is no
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visible liberation of iodine, as the colorless iodide of cyanogen is pro-

duced in proportion to the free oxygen plus the quantity due to the

reagents. This substance may, however, be titrated with thiosul-

phate and starch.

The correction for nitrites in reagents, etc., is made as follows

:

Take about 400 c.c, of the solution, and add 0.3 gram pure ferrous

sulphate and the same weight of caustic lime; shake up well and

filter into a flask through which coal gas is passing. The precipi-

tated ferrous hydrate absorbs all free oxygen, so that any iodine

liberated on testing the filtrate, as before, will be due to the reagents

alone.

SECTION B.

Estimation of Active Haloids.

The metallic compounds of the haloid elements, such as the

chlorides, bromides and iodides of the alkali metals, exert little or

no beneficial effect on the extraction of the precious metals by

cyanide; but it is well known that the haloid elements themselves,

when added in suitable proportions to a cyanide solution, form com-

pounds which accelerate the rate of solution to a remarkable degree.

Since the use of bromide of cyanogen in conjunction with potassium

cyanide has been adopted to some extent, as in the Sulman-Teed

and Diehl processes, we shall describe a method for estimating this

body in presence of cyanides, etc.

Estimation of Cyanogen Bromide.—On adding a few drops of

concentrated hydrochloric acid, this compound is decomposed as

follows

:

BrCy + HCl = HCy + ClBr.

If now we add an excess of potassium iodide, a liberation of

iodine occurs as follows

:

ClBr + 2KI = KCl + KBr + I^

;

or, expressing both changes in one equation

:

BrCy + HCl + 2KI = HCy + KCl + KBr + I^.

Hence 52.965 parts of bromide of cyanogen Uberate 126.92

parts of iodine.

The free iodine may be estimated in the ordinary way by stand-

ard thiosulphate and starch:
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1 c.c. N/10 thiosulphate = 0.0052965 gram BrCy.

2X328303 + 10 = 2NaI -f Na^S^Oe-

The reaction in the case of chloride of cyanogen would presumably

be:

ClCy + HCl -{- 2KI := HCy -}- 2KC1 + I^.

The presence of free cyanides does not interfere, as the hydro-

cyanic acid liberated does not absorb iodine in presence of excess of

hydrochloric acid.

It must be remembered that many other oxidizing agents, e.g.,

ferricyanides, peroxides, persulphates, and also nitrites, decompose

potassium iodide under similar conditions, so that when these are

present the test will not give correct results.

SECTION C.

Estimation of Peroxides.

Method No. 1.

By Liberation of Iodine.

In the absence of other oxidizing agents the peroxides of sodium

and hydrogen may be estimated by acidifying pretty strongly with

sulphuric acid, adding excess of potassium iodide, allowing to stand

for about 5 minutes, and titrating the liberated iodine with N/10
or N/100 thiosulphate and starch.

1 c.c. N/10 thiosulphate = 0.0017 gram HjOj.

= 0.0039 gram NajO,.

The reactions are:

H.SO, + 2KI = K,SO, + 2HL
2HI 4- H2O2 = 2H2O + I2.

Where the peroxide of an alkali metal is present, it, of course,

yields hydrogen peroxide on acidifying.

Method No. 2.

By Titration with Permanganate.

Where interfering substances are absent, we may estimate per-

oxides by means of the following reaction; the solution must be

diluted considerably if much peroxide is present:
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SKMnO^ + 5H2O2 + 3H2SO4 =
K2SO4 + 2MnS04 + 8H.2O + 5O2.

A more exact method is to add an excess of permanganate, and

detei-mine the excess by standard oxalic acid.

SECTION D.

Estimation of Ferricyanides.

Ferricyanides rarely occur in ordinary working solutions. They

have sometimes been used, however, as aids to extraction, and may

occasionally be formed by the reactions taking place during treat-

ment.

1. When other oxidizing agents are absent, they may be deter-

mined by liberation of iodine from potassic iodide.

2. When reducing agents are absent, they may be determined, after

reduction to ferrocyanide, by titration with permanganate. This

reduction may be performed: (a) by ferrous sulphate in presence

of excess of alkali; (6) by sodium peroxide; (c) by sodium amal-

gam.

3. By titration with copper sulphate or nitrate, using ferrous sul-

phate indicator. (See p. 82.)

Method No. 1.

Estimation of Ferricyanides by Liberation of Iodine.

This method was originally described by E. Lenssen (Ann. der

Chem. u. Pliarm., 105, 62), and improved by C. Mohr (see also

Fresenius, Quant. Anal., 7th ed., Vol. I., p. 379, and Sutton, Volum.

Anal., 8th ed., p. 227).

It is carried out as follows : A measured quantity of the solution

is taken, potassium iodide crystals added, together with hydrochloric

acid in tolerable quantity ; then a solution of pure zinc sulphate in

excess. After standing for a few minutes, till the decomposition is

complete, the excess of acid is neutralized by bicarbonate of soda in

slight excess. The liberated iodine may then be titrated with

N/10 thiosulphate and starch, with great exactness. The reaction is

as follows:

K3FeCy« + KI = K,FeCy« + I.
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The ferrocyanide thus formed is precipitated, on addition of zinc

sulphate, as ferrocyanide of zinc.

Free cyanides appear to interfere slightly with the reaction,

renderinsT the results somewhat too low.

Method No. 2.

Estimation of Ferricyanides by Keduction to Ferrocyanides and

Titration with Permanganate.

Ferrocyanides, thiocyanates, etc., must be absent, or, if present,

their amount must be determined by a separate experiment and

allowed for.

(a) Reduction with Ferrous Salt.—According to Sutton

{Volum. Anal., 8th ed., p. 227), the reduction is best performed by.

boiling with an excess of caustic alkali and adding small quantities

of concentrated solution of ferrous sulphate until the precipitate

which occurs possesses a blackish color (signifying that the magnetic

oxide is formed) :

3Fe(OH)2 + 2K3FeCye + 2K0H = 2K,FeCye + Fe3(0H)8.

The solution is diluted if necessary, filtered through a dry filter,

and an aliquot part acidulated with sulphuric acid and titrated as

described under ferrocyanides.

(&) Reduction with Peroxides.—Another method consists in boil-

ing with excess of potash, then cooling and adding hydrogen per-

oxide till the color is yellow,

SKsFeCvs + 2K0H + HoO,, = 2K,FeCy6 + 2H2O + O2,

or heating with sodium peroxide till the effervescence ceases, boiling

off excess of peroxide, acidifying with sulphuric acid, cooling, and

titrating with permanganate. (Kassner, Arch. Pharm., 232, 226.)

(c) Reduction with Sodium Amalgam.—Bettel (Proceedings

Chem. and Met. Soc. South Africa, Vol. I., p. 168) recommends al-

lowing sodium amalgam to act for 15 minutes on the solution in a

narrow cylinder, then estimating the ferrocyanide formed, of course,

deducting ferrocyanide and thiocyanate originally present.
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CLASS V.

INACTIVE BODIES.

General RemarTcs.—In addition to the active cyanogen compounds

and various substances which either promote or interfere with their

action in the treatment of ores, there are a number of substances

which appear to have little or no influence on the result. They

may arise as impurities in the commercial cyanide used, or may be

derived from the material treated.

Among the many substances of this class which may occur, the

following will be here considered:

1. Cyanates and isocyanates. 3. Nitrates.

2. Chlorides. 4. Sulphates.

5. Silicates.

SECTION A.

Estimation of Cyanates and Isocyanates.

Salts of cyanic acid appear to be almost invariably present in

samples of commercial cyanide. They exist in two isomeric forms,

probably corresponding to different molecular formulae, as follows:

Cyanates, E— — C^N.
Isocyanates, R— N = C = 0.

They exhibit the following difference in properties; whereas the

alkaline cyanates are not precipitated by silver nitrate, the iso-

cyanates are completelv precipitated, thus

:

KNCO 4- AgNOg = AgNCO + KNO3.

Method No. 1.

By Precipitation with Silver Nitrate and Chromate Indicator.

The reaction given above is the basis of the following method,

described by Feldtmann and Bettel {Proceedings Chem. and Met.
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Soc. of South Africa, Vol. I., p. 272). It only serves for the esti-

mation of isocyanates.

If to a solution containing cyanide, isocyanate, sulphocyanide,

ferrocyanide, chloride, carbonate and bicarbonate we add nitrate of

silver in excess, we get a precipitate consisting of silver cyanide,

silver isocyanate (carbimide), silver sulphocyanide (thiocyanate),

silver ferrocyanide, silver chloride, silver carbonate.

By adding cold carbonic acid water to the solution, the alkaline

carbonate is converted into bicarbonate, which does not produce a

precipitate with silver nitrate.

Having estimated chlorides, cyanides, sulphocyanides and ferro-

cyanides, and determined their precipitation-value in terms of c.c.

of silver nitrate solution (one need hardly remark that sulphides,

if present, are first removed from solution by lead carbonate), the

actual titration for isocyanates is now performed after addition of

excess of carbonic acid water and two drops of chromate of potash

(see Vielhaber's method for cyanide, above).

The chromate solution should be added only after the reaction

with silver nitrate is nearly complete. A little care is necessary in

judging the change of color, a comparison solution tinted with

chromate being used as a guide to the end reaction. According to

Bettel and Feldtmann, the titration must further be made in ice-

cold water, as the isocyanate appears to decompose pretty rapidly at

ordinary temperatures, being probably converted into the normal

cyanate, which, as before stated, is not precipitated by nitrate of

silver.

The presence of ferrocyanides, thiocyanates, chlorides, etc., does

not interfere, but their equivalent in c.c. of silver solution must be

deducted from the number obtained in titrating for isocyanate.

Using a solution containing 13.0464 grams AgNOg per hter, the

silver-equivalents (for complete precipitation) will be as follows:

1 c.c. standard AgNOg =

0.005 gram KCy.

0.00707 gram K^FeCy,-

0.00746 gram KCXS.
0.00623 gram KNCO.
0.002723 gram CL
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Method No. 2.

Estimation of Cyanates by Differential Method, Using Silver Ni-

trate with and without Addition of Nitric Acid.

The following method, due to E. Victor {ZeitscJirift f. Anal,

Cliem., 1901, 40 [7] 463-465; see also Journal Soc. Chem. Ind.,

Vol. XX., p. 1031), is based on the fact that silver nitrate pre-

cipitates cyanide and cyanate completely in neutral solution, but

only cyanide in presence of nitric acid, silver cyanate being readily

soluble in that acid.

An approximately 10 per cent solution of the sample of commer-

cial cyanide is prepared, and of this, two portions of 10 c.c. each are

measured into 100 c.c. flasks, to each of which a known excess of

N/10 AgNOg is added. One lot is then diluted to the mark, fil-

tered, and the excess of silver titrated in an aliquot portion of the

liquid after acidification with HNO3, by N/10 ammonium thio-

cyanate, using ferric alum as indicator {i.e., by Volhard's method).

The total cyanide and cyanate is thus found. To the other portion

10 c.c. of dilute nitric acid is added, the liquid diluted to 100 c.c,

filtered, and the excess of silver titrated as before.

The silver consumed corresponds to the cyanide in the solution.

[If ferrocyanides, thiocyanates or chlorides were originally present

they would not interfere, as they would affect both titrations

equally.]

Carbonates, if present, must be decomposed by addition of

barium nitrate before proceeding as above. [According to W. J.

Mellor (see below) barium nitrate cannot be used on account of the

insolubility of barium cyanate, and calcium nitrate, free from

chlorides, is recommended.]

The author refers to the process of Feldtmann and Bettel, given

above, according to whom: (a) Only isocyanate and not normal

cyanate, gives an insoluble silver salt; (&) an isocyanate, in solution

is rapidly transformed into normal cyanate at quite low tempera-

tures {e.g., 25° C).

For these reasons they (Feldtmann and Bettel) insist that the

solution of the sample and the precipitation with silver nitrate must

be effected at a temperature near 0° C. in order to avoid loss of iso-

cyanate.

E. Victor has examined these statements experimentally, and



CIIEMISTEY OF CYANIDE SOLUTIONS. 107

finds that a solution of alkaline isocyanate does not change sensibly

at 25° C. in three hours. Only after 24 hours' standing a diminution

of about 30 per cent had taken place, the loss being due not to con-

version of isocyanate into normal cyanate, but to the well-known de-

composition of the iso-salt into ammonia and potassium carbonate:

KNCO + 2H2O = KHCO3 -f NH3.

In any case there is no necessity to operate at such inconveniently

low temperatures.

The reaction of nitric acid on silver cyanate appears to be

AgCNO + 2HNO3 -f H2O = AgNOa + NH.NOg + GO,.

See Appendix, page 181.

Method No. 3.

Estimation of Cyanate by Means of Acid Kequired to Dissolve Silver

Cyanate.

A method very similar to the preceding is given by J. W.
Mellor (Zeitschrift f. Anal. Chem., 1901, 34 [1] 17-21 and Journal

Soc. Chem. Ind., Vol. XX., p. 284; see also Allen Comm. Org.

Anal, Vol. III., p. 484).

1. Twenty grams of the commercial cyanide are dissolved in about

100 c.c. of water (or a convenient volume of solution is measured

out), and the carbonates precipitated by calcium nitrate free from

chlorides. Barium nitrate cannot be used, as barium cyanate is in-

soluble. The precipitate is filtered off, washed, and the filtrate and

washings made up to 200 c.c. {A) One c.c. of solution = 0.1 gram

of commercial cyanide.

2. Ten c.c. of the solution (A) are treated with excess of am-

monia solution and a few drops of KI, and titrated for cyanide in the

ordinary manner with silver nitrate.

3. To about 10 c.c. of the solution (A), silver nitrate is added

until no further precipitation takes place. The precipitate, con-

sisting of a mixture of silver cyanide and silver cyanate, is collected

on a filter and washed with ice-cold water.

It is then heated to about 50° C. with about 5 c.c. of normal nitric

acid, which decomposes the whole of the cyanate. The filtrate is

titrated with normal sodium hydroxide. Assuming n c.c to be

required, 1 gram of original sample would contain 0.0405 (5— n)

gram KCNO.
According to 0. Herting {Journal Soc. Chem. Ind., Vol. XX.)
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the temperature of 50° C. is insufficient; he states that more

reliable results are obtained by digesting on a water bath with the

nitric acid for at least an hour.

Method No. 4.

Estimation of Cyanates by Determination of Nitrogen.

0. Herting (Zeitschrift f. Angew. Ghem., 1901 [34], 585-586)

recommends the following method, based on the facts that cyanides

are decomposed by acids with evolution of HCy and formation of

salts of the metal, whereas cyanates are decomposed according to the

equation

:

ECNO -f- 2HC1 + H^O = ECl +NH,C1 + CO^.

In making a determination, from 0.3 to 0.5 gram of the com-

mercial cyanide is dissolved in a few c.c. of water, and the solution

evaporated with HCl or H2SO4 on the water-bath. The residue is

dissolved in water, and the nitrogen in the solution is determined

as NH3 by distillation with sodium hydroxide and calculated as

KCNO. (See estimation of ammonia, above.)

See Appendix, pp. 179, 183.

Qualitative Test for Cyanates.—^Small quantities of eyanate may
be detected in potassium cyanide by the use of cobalt acetate. This

gives an intense blue color, forming a compound which crystallizes

as Co(CNO)2 + 3KCNO.
The cyanide is dissolved in a minimum quantity of water, abso-

lute alcohol added to precipitate most of the KCy, then carbonic

acid is passed into the remaining liquid for, say, 45 minutes, the

K2CO3 formed is filtered off, and the filtrate tested with cobalt acetate

{Engineering and Mining Journal, Vol. LX., p. 489).

SECTION B.

Estimation op Chlorides.

The estimation of chlorides in cyanide solutions may be made in

several ways, most of which involve precipitation as silver chloride.

The following will be here considered

:

1. Precipitation with silver nitrate and chromate indicator, mak-

ing corrections for cyanogen compounds.
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2. Precipitating cyanide and chloride together as silver salts,

and determining the former in the precipitate by organic analysis.

3. Precipitating cyanide and chloride together with silver, de-

composing with sulphuric acid and zinc, and estimating chlorine

in the liquid.

4. Decomposing silver precipitate by fusion with carbonate of

soda and niter.

5. Evaporating with nitric acid, and fusing residue with sodium

carbonate and niter.

Method No. 1.

Estimation of Chlorides by Direct Precipitation with Silver Nitrate.

This is merely an application of Mohr's well-known volumetric

method of estimating chlorides, and has been already described

under total cyanogen. The other constituents of the solution,

which are precipitated by silver nitrate before the chromate reaction

occurs, must be separately determined, and their equivalents in

c.c. of standard silver nitrate solution deducted from the result of

the titration. Carbonates may be removed by preliminary treatment

with carbonic acid water, as in Bettel and Feldtmann's method for

cyanates (see above), or the protective alkali may be neutralized by

cautious addition of dilute nitric acid.

It must be remembered that free cyanides are completely precipi-

tated as AgCy, using twice as much AgNOg as would be required to

give a permanent turbidity, and that ferrocyanides and thiocyanates

are completely precipitated as silver salts before the chromate re-

action occurs.

Using a solution containing 13.039 grams AgNOg per liter, the

silver equivalents for complete precipitation will be as follows

:

1 c.c. standard AgNOg

0.005 gram KCy.

0.002723 gram CI.

0.004489 gram NaCl.

0.005726 gram KCl.
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Method No. 2.

Estimation of Chlorides by Precipitating with Cyanides, as Silver

Salts, and Decomposing Precipitate to Determine Cyanides.

This method is given by Fresenius (Quant. Anal., 7th ed., Vol. I.,

p. 512) as follows:

Precipitate with solution of silver, collect the precipitate upon

a weighed filter, and dry on the water bath until the weight re-

mains constant; then determine the cyanogen by the method of or-

ganic analysis (e.g., by heating with copper oxide or lead chromate

in a combustion tube and collecting the nitrogen evolved over mer-

cury and caustic potash, or by conversion into ammonia by distilla-

tion with soda lime. The chlorine is found by difference.

This method would require further modifications in presence of

ferrocyanides, thiocyanates, etc., and in any case would, in general,

be too tedious for use in the analysis of cyanide solutions.

Method No. 3.

Precipitation of Chloride and Cyanide Together as Silver Salts,

Decomposing the Precipitate and Estimating Chlorine.

This method is given in Fresenius (Quant. Anal., 7th ed., p.

512) and Allen (Comm. Org. Anal, Vol. ill., pt. 3, p. 431).

The cyanide and chloride are precipitated together as silver salts

by adding excess of silver nitrate. The precipitate (a^AgCy -j-

t;AgCl) is dried at 100° C. and weighed.

Then heat the precipitate, or an aliquot part of it, in a porcelain

crucible, with cautious agitation of the contents, to complete fusion

;

cool, add dilute sulphuric acid to the fused mass, then reduce by

zinc, filtering the solution from metallic silver and paracyanide of

silver. The cyanides, ferrocyanides, thiocyanates, etc., will be en-

tirely decomposed, and the whole of the chlorine will be present in

the filtrate as chloride of zinc. In this liquid it may be determined

by any of the ordinary gravimetric or volumetric methods. The
results are said to be very satisfactory.

[Allen observes that small quantities of cyanide in a mixture

with chloride are better determined as in the previous method, by

igniting the precipitate with soda-lime or heating it with strong

sulphuric acid, and determining the resultant ammonia.]
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K. Kraut (Zeitschrift f. Anal. CJiem., 2, p. 243) decomposes

the precipitate of silver cyanide and chloride, after weighing as

above, by heating it, or an aliquot part of it, with nitric acid of

ep. gr. 1.2 in a sealed tube at 100° C. for several hours, or at 150" C.

for one hour. The cyanide of silver is completely decomposed,

while the chloride is unaffected. Filter the contents of the tube,

wash the precipitate, and weigh it as AgCl. The loss indicates the

amount of AgCy.

Method No. 4.

Decomposition of Silver Precipitate by Fusion with Sodium Car-

bonate and Niter.

The solution is acidified with nitric acid, and precipitated with

silver nitrate solution; the precipitate filtered and washed, then

fused with 4 parts of sodium carbonate and 1 part potassium nitrate.

The fused mass is extracted with water, and the chlorine deter-

mined in the solution by the ordinary gravimetric or volumetric

methods. (See Fresenius, Quani. Anal., 7th ed.. Vol. I,, p. 513.)

Method No. 5.

Estimation of Chlorides by Evaporation with Nitric Acid and Fu-

sion of Residue with Sodium Carbonate and Niter.

Bettel and Feldtmann {Proceedings Chem. and Met. Soc. South

Africa, Vol. I., p. 275) give the following method for determining

chlorides in commercial cyanide: "A portion of the cyanide solu-

tion, equal to about 5 grams of the solid cyanide, is evaporated with

sufficient nitric acid to form nitrates with the bulk of the potas-

sium and sodium present, leaving about 50 to 100 milligrams of

cyanide unattacked. When most of the hydrocyanic acid has es-

caped, about 5 grams sodium nitrate and 3 grams sodium carbonate

are added, and intimately mixed with the partly decomposed cyanide

solution, the evaporation continued to dryness, and then the residue

gently ignited to decompose nitrates of iron, etc. The melt is now

cooled, dissolved in water, and the insoluble oxides filtered off and

washed. [The oxide of iron may then be estimated and calculated

to ferrocyanide if required.] The filtrate from the insoluble oxides
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is now acidulated with pure nitric acid, and the solution raised to

boiling point; this decomposes cyanates with formation of ammonia
and carbon dioxide. The chloride may now be estimated in the

usual manner.

J. W. Mellor {Zeitschnft f. Ami. Chem., 1901, 34 [1], 17-21)

applies the same method, fusing the commercial cyanide direct, after

weighing a suitable quantity, with a mixture of potassium nitrate

and sodium carbonate (1:5), in a porcelain crucible. The mass

is dissolved in boiling water, acidified with nitric acid, and the

chlorides determined in the usual way. (See Appendix, p. 184.)

SECTION C.

Estimation of Nitrates.

The ordinary methods for the estimation of nitrates are some-

what complex and involve delicate manipulations. They are mostly

based upon conversion into ammonia or ammonium salts by the

action of strong acids and alkalis, with subsequent distillation and

collection of the ammonia. As cyanide solutions contain various

other substances capable of yielding ammonia under these condi-

tions, the methods could not be directly applied. Probably most

of the interfering substances could be removed by precipitating

with a pure solution of acetate or sulphate of silver in slight excess.

The filtrate might then be concentrated and distilled with the addi-

tion of strong caustic potash and a mixture of finely-divided zinc

and iron. (See Sutton, Volum. Anal., 8th ed., p. 274.)

SECTION D.

Estimation of Sulphates.

The estimation of sulphates is perhaps best made by the ordinary

gravimetric method with barium chloride, after complete decom-

position of the solution by evaporating several times to dryness with

nitric and hydrochloric acids, finally with the latter alone. The
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residue is diluted with distilled water, filtered, if necessary, a little

pure hydrochloric acid added, heated nearly to boiling, and barium

chloride added in slight excess. After standing several hours the

precipitate is washed carefully by decantation several times with hot

water, finally collected on a small filter, washed with hot water till

free from chlorides, dried, gently ignited and weighed as BaS04.

The precipitate must be ignited as far as possible apart from the

filter paper. (For further details see Fresenius, Quant. Anal., 7th

ed.. Vol. I., p. 299.)

W. J. Sharwood {Engineering and Mining Journal, 1898, p.

216) recommends adding excess of hydrochloric acid to the cyanide

solution, heating till odor of hydrocyanic acid has disappeared and

filtering off any zinc or copper ferrocyanides, Prussian blue or silver

chloride that may be precipitated. Barium chloride may then be

added to the filtrate without evaporation to dryness.

SECTION E.

. Estimation of Silicates.

Soluble silicates of the alkali metals are decomposed by evapora-

tion with nitro-hydrochloric acid, and gentle ignition of the residue.

In some cases the insoluble residue, after this treatment, must be di-

gested with ammonia and ammonium acetate in order to dissolve

chloride of silver and sulphate of lead. The residue, which should

be perfectly white, is then washed till no more traces of iron, etc.,

are found in the filtrate, dried, ignited and weighed as SiOj.
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CLASS VI.

NOBLE METALS.

General RemarTcs.—The correct estimation of the gold and silver

contents of the solutions before and after precipitation is very es-

sential, as a check on the extraction and as evidence of efficient pre-

cipitation. Some rapid method of making these estimations is

much to be desired, but at present, for gold, at least, there is no ac-

curate method which does not involve a fire assay.

We shall here describe:

(A) Methods in which gold and silver are determined together.

(B) Methods in which gold only is determined.

(0) Methods in which silver only is determined.

SECTION A.

Estimation of Gold and Silver Together.

A considerable number of methods have been suggested. These

may be divided into the following groups

:

(a) Those involving the evaporation of the entire quantity of

solution taken for the test.

(&) Those in which copper salts are used as a precipitant.

(c) Those in which sulphuretted hydrogen is used as a precipi-

tant.

{d) Those depending on reduction by other metals.

Group (a).

—

Estimation of Gold and Silver by Evaporation.

Method No. 1.

Evaporation with Litharge.

A measured volume of the liquid, varying according to the rich-

ness of the solution from, say, 30 c.c. up to 3 or 4 liters, is evap-

orated at a gentle heat in a porcelain basin without boiling. The
solution may conveniently be measured on the assay-ton system. In
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an ordinary case 10 A.T. or 291.6 c.c. would be a suitable quantity.

Previous to evaporation, from 20 to 50 grams of litharge are sprinkled

uniformly over the surface of the liquid. Some operators prefer to

mix a little fine silica, or silica and charcoal, with the litharge. It

is not advisable to add carbonate of soda, as this forms a very hard

crust, difficult to remove from the dish. Towards the end of the

evaporation care must be taken not to overheat the residue, as this

might cause it to adhere too firmly.

When quite dry the residue is scraped out with a clean spatula,

and mixed with a suitable flux, which may be varied according to cir-

cumstancee. The following may be given as examples

:

(a) (b)

Litharge (before evaporation) 30 grams. 45 grams.

Borax 20 " 10 "

Carbonate of soda 16 " 40 «

Silica — " 25 "

Charcoal 0.5
''

1 "

The last portions remaining on the dish may be removed by means

of a small piece of filter paper slightly moistened, the paper being

afterwards added to the flux. If this fails to perfectly clean the

dish, a drop or two of nitric acid is added.

The flux containing the dry residue, well mixed, is now trans-

ferred to a clay crucible and fused in an ordinary assay furnace.

The fusion should be complete in 20 to 30 minutes. The charge is

generally very fusible, giving a transparent, nearly colorless slag,

but in other cases the slag may be stained owing to the presence of

iron, copper and other impurities in the solution. The resulting

lead button is then cupelled, keeping the temperature of the muffle,

especially when silver is to be determined, at such a low temperature

that feathers of litharge are formed on the cupel. The beads of

gold and silver are then weighed and parted in the ordinary way.

This method, although somewhat long, is the most reliable and

accurate which has so far been suggested. Duplicate assays give

identical results when the operations are properly carried out.

Method No. 2,

Evaporation on Lead Foil.

For comparatively rich solutions it is sometimes convenient to de-

termine the gold and silver contents by evaporating a weighed or
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measured quantity in a small dish of lead foil, which may afterwards

be rolled up and cupelled. Sometimes the lead containing the

evaporated residue may be cupelled direct, but in other cases, owing

to the presence of impurities, it is necessary to scorify. When poor

solutions have to be assayed, large quantities of liquid must be taken,

hence either larger dishes of lead foil or a number of small dishes

must be used, the resulting lead buttons being afterwards run to-

gether and reduced in weight by scorification, thus increasing the

labor and multiplying the chances of error. On the whole, except

for very rich solutions, the method of evaporation with litharge is

preferable.

Alfred James (Cyanide Practice, 1903) states that this method

has a tendency to give low results.

Group (b).

—

Estimation of Gold and Silver by Means of

Copper Salts.

Method No. 1.

Precipitation with Cuprous Chloride.

Prof. S. B. Christy has shown that gold and silver may be readily

precipitated from cyanide solutions by means of cuprous chloride.

It is advisable to remove the bulk of the free cyanide by first adding

a slight excess of sulphuric or hydrochloric acid and boiling for

some time. The solution used for precipitating is prepared by add-

ing hydrochloric acid to a solution of copper sulphate and passing

in sulphur dioxide, or by boiling the copper solution with sodium

sulphite. On adding a little of this liquid to the hot acidulated

cyanide solution a white precipitate is formed, consisting chiefly of

cuprous cyanide, which carries down with it the greater part of the

gold and silver. After allowing to settle, the clear liquid is poured

off through a filter, the precipitate is then collected on the same

filter, dried, scorified if necessary with grain lead, and cupelled.

The resulting gold and silver bead is then weighed and parted.

It is advisable to test the filtrate, to make sure that cuprous chlo-

ride is in excess. This may be done by filtering a little of the liquid

and testing with potassium ferrocyanide, which gives the character-

istic reddigh-brown precipitate of ferrocyanide of copper. The test

may also be applied by absorbing a little of the liquid with filter

paper and testing with a drop of ferrocyanide solution on a glass rod.
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With fairly rich solutions the results are satisfactory, but the

precipitation is not absolutely perfect, and gold and silver inay al-

ways be found in the filtrate by evaporation with litharge.

A. Whitby (Journal Chem. and Met. Soc. South Africa, Vol.

III., p. 15) applies the method as follows: To 700 c.c. of the

cyanide solution add 35 c.c. of a 10 per cent solution of copper sul-

phate, then 5 to 7 c.c. concentrated hydrochloric acid, and lastly 10

to 20 c.c. of a 10 per cent solution of sodium sulphite. The precipi-

tate, after vigorous shaking for about two minutes, is filtered o£E and

run down with flux in the ordinary way. Assays can be completed

in three hours, and results compare well with the evaporation test.

With slimes solutions, which are normally weak in cyanide, it is

better to add some cyanide before making the test.

See Appendix, pages 185, 187, • < ^ .

Method No. 2.

Precipitation with Cupric Sulphate.

The following method is given by Walter H. Virgoe (Proceedings

Inst. Min. and Met, Vol. X., p. 115) :

To a liter of the cyanide solution add excess of cupric sulphate

and acidify with hydrochloric, nitric or sulphuric acid; the precip-

itate, which is white and flocculent, contains all the gold and silver,

and the bluish or greenish color of the filtrate indicates that excess

of the copper sulphate has been added. The precipitate is washed,

dried and placed in a scorifier with metallic lead. The results are

accurate, and the whole operation can be done within an hour and a

half.

The theory of the method may be expressed thus:

2AuKCy2 -1- Cu^Cy^, 2KCy + 2H2SO^ =
Au^Cu^Cy^ + 2K2SO, + 4HCy.

In a subsequent discussion on this method by the Chemical and

Metallurgical Society of South Africa, A. F. Crosse recommended it,

but preferred to fuse in a crucible with litharge, instead of scorifying.

A. Whitby (Journal Chem. and Met. Soc. South Africa, Vol, III.,

p. 15) found, however, that all the gold is not precipitated by copper

sulphate with addition of mineral acid, but that an additional precip-

itate is obtained by mixing sodium sulphite with the filtrate, the

remainder of the gold being quantitatively recoverable from this

precipitate. He therefore suggests the slight modification of

Christy's method given above. (See Appendix, page 188.)
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Group (c).—Estimation of Gold and Silver by Precipitation

WITH Sulphuretted Hydrogen.

Henry Watson (Engineering and Mining Journal, 1898, p. 753)

gives the following method, which is stated to be quick, accurate

and economical:

"A pint or half a pint of the cyanide liquor is acidified with

HCl, and heated to boiling. Add a solution of 3 grams of lead

acetate, and then pass in a current of sulphuretted hydrogen gas

until all the lead is precipitated as sulphide. Allow the solution to

cool down somewhat, so as to thoroughly saturate it with H^S. The

gold will be precipitated with, and collected by, the lead sulphide.

Filter off the precipitate and dry. Fuse and scorify the residue

and cupel the resulting lead button."

I may remark that I tested a very similar method many years ago,

but did not find the results at all satisfactory, being invariably

lower than those obtained by evaporation.

Group (d).

—

Estimation of Gold and Silver by Reduction

Method.

Precipitation with Sodium Amalgam.

Sodium amalgam, when shaken in a stoppered cylinder with a

cyanide solution containing the precious metals, decomposes the

double cyanides of these metals, the gold and silver amalgamating

with the mercury. This is then collected and carefully distilled at

a gentle heat. It is best to cupel the residue.

This method does not seem to be reliable with poor solutions.

In some cases not over 60 per cent of the gold value was obtained.

See Appendix, page 188.

SECTION B.

Estimation of Gold Alone.

Any of the preceding methods are applicable if the silver be dis-

solved by parting with nitric acid in the usual way. The following

methods serve, however, in cases where it is not necessary to estimate

the silver.
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Method No. 1.

Precipitation with Silver Nitrate.

This method, due to A. F. Crosse, is as follows : The solution is

acidulated with nitric or sulphuric acid, and boiled to expel most of

the hydrocyanic acid. Silver nitrate is then added as long as a

precipitate forms, the solution allowed to settle, the clear liquid

decanted through a filter, and the precipitate then collected on the

same filter, dried, and the filter paper with residue wrapped in lead

foil and cupelled. In some cases it is desirable to scorify before

cupelling, or to fuse in a small crucible. For the latter purpose

the following flux is recommended

:

Glass, 110 parts. Soda, 100 parts.

Litharge, 200 parts. Argol, 48 parts.

The method gives fairly good results when the solutions are not

too low in gold. The precipitate of silver cyanide carries down all

but a small fraction of the gold, but with solutions very weak in gold

the precipitation is not sufficiently perfect, as may be shown by

evaporation of the filtrate with litharge.

Method No. 2.

Estimation of Gold by Seduction with Zinc after Adding Silver

Nitrate.

The following description of a- method proposed by Buchanan is

given by M. Eissler ('The Cyanide Process'). The object of the

preliminary addition of silver nitrate isSljiCW^fteaiig obvious. X
"A known quantity of the solution is precipitated with excess of

silver nitrate; the precipitate is decomposed by a reducing agent,

filtered off, dried and cupelled. In practice the process was carried

out as follows: 195 c.c. of the cyanide solution is transferred to a

flask of 500 c.c. capacity, mixed with a few drops of potassium chro-

mate. Silver nitrate of any strength (say 5 per cent) is then added

until a reddish tinge of silver chromate remains permanent. Then
take 10 to 20 grams of zinc dust or shavings, mix thoroughly with

the precipitate and solution in the flask, add 2 to 3 c.c. of 10 per cent

sulphuric acid. Allow to stand 10 minutes ; add excess of sulphuric

acid to dissolve the remainder of the zinc. Filter, wash once, dry
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and incinerate on a roasting dish in muffle, and cupel residue with a

little lead. The results are slightly lower than those obtained by

the ordinary precipitation method."

Method No. 3.

Estimation of Gold by Direct Eeduction with Zinc.

The following (H. T. Durant, Journal Chem. and Met. Soc.

South Africa, Vol. III., p. 58) is stated to be a perfectly accurate

and very rapid method of assaying gold-bearing solutions when

large volumes of liquid have to be operated on.

"The solution for assay is placed in a boiling-flask of convenient

size and rendered strongly acid with sulphuric acid, raised to the

boihng point; about 5 grams of zinc shavings are then added in

quantities of about 1 gram at a time, seeing that all action ceases

from each addition of zinc before the next addition of zinc is made.

The solution must be kept strongly acid throughout, adding more

acid, if necessary, and must also be kept at boiling point through

the whole operation. After the zinc has dissolved there will be a

shght residue of lead, carbon, etc.; then remove from source of

heat and add a few drops of lead acetate solution in order to form

lead sulphate for collecting purposes, then filter through a double

filter paper and wash out flask well on to the filter paper; then fold

up the moist filter paper and place on a layer of borax in a scorifier

to dry and char slowly in front of the muffle; when this is com-

plete, add granulated lead or htharge and reducing agent and

scorify as usual, cleaning the slag, if necessary. The method

depends on the action of nascent hydrogen, and is by no means

novel, at least in theory. If the zinc used is very pure and the

acid therefore acts slowly, a few drops of copper sulphate solu-

tion may be added at the commencement to expedite matters."

See App., p.^89?j

^^;jfVy SECTION c.

ESTIMATIOM OF SiLVER AlONE.

Method No. 1.

Precipitation as Sulphide and Cupellation.

A measured quantity of the solution, which must be alkaline, is

mixed with an excess of sodium sulphide solution. When only small

quantities of silver are present, it is better to add a few drops of lead
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acetate or of the alkaline lead tartrate solution prepared by precip-

itating a soluble lead salt with tartaric acid, and, redissolving the

precipitate in excess of caustic alkali. This forms a more bulky

precipitate which carries down practically the whole of the silver.

The precipitate generally settles rapidly and is easily filtered ; when

much zinc is present, however, there may be some difficulty, and

in this case a little lime may be added.

After washing once or twice with dilute sodium sulphide solution,

the filter containing the precipitate is dried, wrapped in lead foil

and cupelled at a moderate temperature, or the paper may be al-

lowed to burn slowly on a scorifier, and the ash mixed with grain

lead, scorified and cupelled. The beads of silver obtained should be

free from gold, and this will be the case if the sulphide precipitate

has been sufficiently washed ; but in any case it is better, after weigh-

ing, to dissolve them in dilute nitric acid and deduct the weight of

any gold found.

Gold and copper are not precipitated from cyanide solutions by

alkaline sulphides; in weak solutions the silver precipitate may
carry down a little copper.

Method No. 2.

Volumetric Determination with Sodium Sulphide.

In cases where the cyanide solution contains no other metals ex-

cept silver, precipitable by alkaline sulphides, a pretty fair approxi-

mation may be made by running in standard sodium sulphide to a

measured volume of the liquid to be tested, until a drop taken out

on a glass rod gives a brownish stain with a drop of an alkaline lead

tartrate solution, or a purple color with sodium nitroprusside.

The test may conveniently be made by placing the drops side by

side on a strip of white filter paper, the reaction being clearly seen

at the point where the two liquids meet.

The sodium sulphide may be accurately standardized by adding

an excess of a solution of double cyanide of silver and potassium,

filtering, and titrating the liberated cyanide in the filtrate in the

ordinary way, after addition of potassium iodide.

1 -E^r, r= 0.3 gram NaaS,
1 gram KCy -i _ „_° . ^.°

I— 0.8284 gram Ag.
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Method No. 3.

Precipitation as Sulphide and Conversion into Bromide.

Allen (Comm. Org. Anal., Vol. III., pt. 3) proceeds as fol-

lows : A definite measure of the liquid is boiled. Sulphuretted

hydrogen is passed through or ammonium sulphide added. The
silver is precipitated as Ag^S, together with some copper and zinc,

if these metals are present. The precipitate is washed, rinsed into a

flask, and treated with excess of bromine water. If sulphur separates

out, more bromine must be added, then boiling water. The silver

bromide is then washed, dried, fused, and weighed as AgBr. AgBr
X 0.57444 - Ag.
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CLASS VII.

BASE METALS.

General Remarks. — The base metals which occur in ordinary

cyanide solutions are present for the most part as double cyanides,

consisting of more or less stable compounds of cyanogen with a

heavy metal and one or other of the alkaU or alkaline earth metals.

Barium, calcium, etc., may be present as simple cyanides. In

some cases (magnesium, aluminum, etc.) the metals may perhaps

exist as hydrates, double chlorides, or other compounds not con-

taining cyanogen.

The metals which most frequently require estimation in this con-

nection are iron, zinc and copper.

The estimation of iron (as ferro- and ferricyanides) has already

been described.

When metallic zinc in any form is used as a precipitant of gold

or silver, some compound of zinc is necessarily introduced into the

solution, and its estimation sometimes becomes a matter of im-

portance.

We shall here discuss only the estimation of zinc and copper.

The remaining metals are determined by the ordinary methods of

analysis in the residue obtained by evaporation of the solution, after

decomposing cyanogen compounds as described below. (Zinc,

Method No. 1.)

SECTION A.

Estimation of Zinc.

Zinc is generally supposed to occur in cyanide solution as a double

cyanide of the type of KgZnCy^, though there is some evidence to

show that this is partially dissociated in dilute solutions, which

probably contain a portion of the zinc as the simple cyanide ZnCyj.

In certain cases potassium zincate Zn(0K)2, or some similar com-

pound, may be present.
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Zinc may be determined as follows:

1. By the ordinary methods of analysis after decomposition of the

cyanogen compounds,

2. By precipitation in acidulated solutions with ferrocyanide.

3. By precipitation in alkaline solutions with a soluble sulphide

or with sulphuretted hydrogen.

4. By an alkaliraetric method based on the reactions between

zinc carbonate and ferrocyanide.

Method No. 1.

Estimation of Zinc after Decomposition of Cyanide by Evaporation

with Acids.

In most cases the solution may be freed from all cyanogen com-

pounds by adding to a measured volume (100 or 200 c.c), say, 5 c.c.

of concentrated nitric acid and 5 c.c. concentrated sulphiiric acid,

and evaporating, slowly at first, finally at a tolerably high tempera-

ture, until fumes of sulphuric anhydride (SO3) are freely given off.

The residue should be free from carbonaceous matter, and should

show no trace of any blue color on diluting and adding hydro-

chloric acid.

If this treatment fails to completely decompose the cyanogen

compounds, it will be necessary to evaporate to complete dryness

with nitro-hydrochloric acid, adding a little sulphuric acid.

Evaporation with volatile acids alone would be liable to cause loss

of zinc through volatilization of the chloride. In some cases a little

potassium chlorate may be added with advantage.

After this treatment, add 2 or 3 c.c. of strong hydrochloric acid

and dilute to about 15 or 20 c.c. Boil till all soluble matter is dis-

solved, then add excess of ammonia and boil again. Filter off any

precipitate of ferric hydrate, silica, etc. If this is at all copious it

will be necessary to redissolve the precipitate and again boil with

excess of ammonia; filter again, adding the second filtrate to the

first.

If copper is present, acidulate the filtrate with hydrochloric acid

so as to have a slight excess of acid, and add some strips of lead ; or

acidulate with sulphuric acid and add sheet aluminum ; in either case

boil until the solution becomes colorless, filter, and determine zinc in

the filtrate by any of the ordinary gravimetric or volumetric

methods.
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The separation of iron may also be made by precipitation as basic

acetate in cases where the introduction of ammonium salts is to be

avoided (as when zinc is afterwards to be precipitated as carbonate).

This may be done as follows : After adding hydrochloric acid, neu-

tralize with sodium hydrate or carbonate, and again acidulate very

slightly with HCl. Boil, add sodium acetate in slight excess, boil

again to precipitate iron and alumina as basic acetates. This pre-

cipitate must be washed several times by decantation with hot water

before transferring to the filter, and, where very accurate determina-

tions are required, must be redissolved and reprecipitated. The

filtrate should be slightly acid, and perfectly clear and colorless.

Of the various gravimetric methods for estimating zinc, precipi-

tation as carbonate and weighing as oxide is probably the best.

(See Fresenius, Quant Ajial, 7th ed.. Vol. I., pp. 197, 433.) Great

care is necessary to wash the precipitate thoroughly, and, in igniting,

to avoid reduction of the oxide to metallic zinc,

ZnO X 0.8042 = Zn.

The volumetric methods in general use are based on one of two

principles: (a) Precipitation as ferrocyanide
; (&) Precipitation as

sulphide.

(For details see Sutton, Volum. Anal., 8th ed.)

Method No. 3.

Estimation of Zinc by Precipitation as Ferrocyanide in Acid

Solution.

In cases where the solution originally contained no ferrocyanide,

thiocyanate, or other substance capable of reducing permanganate,

and where metals other than zinc which could be precipitated by

ferrocyanide in presence of free sulphuric acid and hydrocyanic acid

are also absent, it is possible to estimate the zinc as follows (Pro-

ceedings Chem. and Met. Soc. South Africa, Vol. I., p. 207) :

A solution of potassium ferrocyanide is accurately standardized

with reference to a solution of potassium permanganate, in the man-

ner described under 'Eeducing Agents.' A measured volume of

the liquid to be tested is mixed with a definite volume of the stand-

ard ferrocyanide solution, diluted to about 200 c.c, or until not

more than 0.1 gram ferrocyanide is present per 100 c.c. of the

liquid. It is then acidified quite strongly with sulphuric acid and
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titrated with permanganate. The equivalent of the amount of per-

manganate used is then deducted from the amount of ferrocyanide

added, the difference being the amount of ferrocyanide used in pre-

cipitating zinc.

As the precipitated ferrocyanide of zinc interferes with the titra-

tion with permanganate, the excess of ferrocyanide must be deter-

mined by making up the solution to a definite volume, allowing to

settle, and titrating a measured quantity of the clear liquid. The

addition of a little pure powdered chalk, before acidulating strongly

with sulphuric acid, was found to promote the settlement of the

zinc ferrocyanide. The ferrocyanide should be standardized by

means of a zinc cyanide solution containing a known amount of

zinc.

Method No. 2 (modified).

A. F. Crosse {Journal Chem. and Met. Soc. South Africa, Vol.

III., p. 5, May 10, 1902) describes the following modification of

the above process, for cases in which ferrocyanides, etc., are present

in the original solution.

The ferrocyanide is determined by Bettel's method before and

after the precipitation of the zinc, the difference of the two titra-

tions representing the ferrocyanide converted into a ferrocyanide of

zinc and precipitated.

Crosse gives the following equation

:

K.FeCye + 2^;L^Qy^ + ^H^SO^ =
Zn^FeCye + 4K,S0, + 8HCy,

or 1 part K^FeCyg = 0.353 part of zinc.

A. Whitby {Journal Chem. and Met. Soc. South Africa, Vol.

III., p. 15, June 21, 1902) states, however, that potassic zinc ferro-

cyanide is generally believed to be formed, the reaction consequently

taking this form:

2K,FeCy6 + 3K2ZnCy, + GH^SO^ —
K,Zn3(FeCy„), + 6K,S0, + 12HCy,

which materially alters the calculation, since, if the latter equation

be correct,

1 part K^FeCye = 0.265 part of zinc.

It is necessary to add about 0.1 per cent of ferrocyanide of potas-

sium to the cyanide solution.

The method is carried out as follows;

(a) 20 c.c. N/lOO KMnO^ is placed in an evaporating dish with
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some dilute sulphuric acid, and the cyanide is run in from a burette

till the color disappears. The result is calculated into the equiva-

lent of K^FeCje. Let A =^ K^FeCy^ used per 100 c.c. of cyanide

solution.

(b) A second portion of the solution is taken and mixed with an

equal volume of dilute sulphuric acid (5 per cent by volume) and

the ferrocyanide of zinc jBltered off. The clear solution is then taken,

poured into a burette, and run into 10 c.c. of N/lOO OlnO^ and

the result calculated into its equivalent in K4FeCye. Let B =
K^FeCye per 100 c.c. of the original cyanide solution. A— B is

equivalent to the amount of ferrocyanide precipitated by the zinc.

1 c.c. N/100 KMnO^ = 0.0036831 gram K.FeCye-

Thiocyanates and other substances which reduce permanganate in

acid solution do not interfere, as they remain the same in both

determinations.

Of course this method is only applicable for solutions containing

chiefly zinc, and with mere traces of copper, etc. Before titrating

it is advisable to warm the solution slightly.

Instead of using permanganate, it is probable that the excess of

ferrocyanide might be determined by titration with standard copper

sulphate solution, using a ferric salt as external indicator as in

Bohlig's method for ferrocyanides (see above).

Method No. 3.

Estimation of Zinc by Direct Precipitation as Sulphide.

Other metals precipitable from a cyanide solution by alkaline sul-

phides {e.g., silver and mercury) must be absent.

A sodium sulphide solution is prepared by dividing a caustic soda

solution into two equal portions, saturating one part with sul-

phuretted hydrogen, then mixing with the other portion. The solu-

tion may be standardized against a zinc sulphate solution containing,

say, 43.82 grams ZnS04-7H20 per liter, in which case 1 c.c. = 0.01

gram Zn, and adjusted until it corresponds volume for volimie with

the zinc solution.

When zine is precipitated by direct addition of an alkaline sul-

phide to a cyanide solution, the precipitation is never quite com-

plete, as zinc sulphide is not absolutely insoluble in alkaline sul-

phides. In all cases the precipitation is better in a warm solution,
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and in some cases it appears to be necessary to make the liquid

strongly alkaline with caustic soda.

The finishing point may be found by various external indicators,

among which may be mentioned:

(a) Alkaline lead tartrate. (c) Chloride of nickel.

(&) Sodium nitroprusside. (d) Metallic silver.

Or a small quantity of a ferric salt may be added, whicn forms

red flakes of ferric hydrate in the alkaline liquid. On running in

the sodium sulphide from a burette, a white precipitate of zinc sul-

phide is formed at first, but when the zinc is completely precipitated,

any excess of sodium sulphide causes a blackening of the flakes of

ferric hydrate, which thus acts as an internal indicator.

The lead tartrate indicator is prepared by mixing tartaric acid

and caustic soda, then adding lead acetate till a permanent precip-

itate forms, then excess of soda until the precipitate redissolves.

The slightest excess of sulphide is shown by placing drops of the

liquid and of the indicator side by side on white filter paper, when a

dark stain is produced where the two liquids meet.

A bright silver disc may also be used for determining the end

point; a drop of the liquid is taken out on a glass rod and placed

for 10 or 20 seconds on the silver surface. Zinc sulphide itself has

no effect on the silver, but any excess of alkaline sulphide tarnishes

the silver at once.

Method No. 4.

Estimation of Zinc by Precipitation as Sulphide, and Determining

Excess of Sulphide.

It seems to be pretty generally agreed that the direct determina-

tion of the end-point in the previous method is uncertain and in-

definite, at least in ordinary working cyanide solutions. Hence

several methods have been suggested for determining the excess of

sulphide, after adding a known amount of standard solution more

than sufficient for complete precipitation of the zinc.

The following will be here noticed

:

(a) Excess of sulphide determined by sodium nitroprusside as

in Dr. Loevy's method.

(&) Excess of sulphide determined by double cyanide of silver

and potassium.
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Method No. 4 (a).

Excess of Sulphide Determined by Sodium Nitroprusside.

After precipitating the warm solution with sodium sulphide the

liquid is filtered and the precipitate washed free from sulphide.

The filtrate is then titrated by the colorimetric method described

above. (See Sulphides.)

Method N"o. 4 (&).

Excess of Sulphide Determined by Double Cyanide of Silver and

Potassium.

This process has been described by the writer {Chemical News,

March 13, 1903). It depends upon the fact that sulphides de-

compose the double cyanide of silver and potassium, with liberation

of an equivalent amount of cyanide, thus

:

2KAgCy, + K^S = Ag,S + 4KCy.

(a) After precipitating the zinc (best in a warm, strongly al-

kaline solution) with sodium sulphide, the liquid is filtered while

still hot, and washed thoroughly till the precipitate is free from

soluble sulphides. Another method is to cool to the temperature of

the room, make up to a definite volume (say, 200 c.c), and filter

off an aliquot part (say, 100 c.c).

In either case the filtrate is mixed with a moderate excess of a

double cyanide solution [prepared by adding silver nitrate to a

solution of pure cyanide (say, 0.5 per cent KCy) until a permanent

precipitate forms, allowing to stand and filtering]

.

After thorough agitation with this liquid the precipitate of silver

sulphide is allowed to settle, filtered and washed. 5 c.c. of 1 per cent

potassium iodide is added to the filtrate, which is then titrated in the

ordinary way with standard silver nitrate solution.

The result gives the cyanide originally present, together with

that liberated by the excess of sulphide.

(6) Another portion of the liquid is titrated direct with silver

nitrate, using the alkaline iodide indicator to determine total

cyanide. This result deducted from the first gives the equivalent

of the excess of sulphide.
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The sodium sulphide solution is standardized also by means of

the double silver cyanide solution,

0.3 gram NajS.

0.25 gram Zn (more exactly, 0.2523).

Method No. 5.

1 gram KCN

Precipitation of Zinc as Sulphide, and Determination by Decom-

posing the Precipitate with an Oxidizing Agent.

Two processes based on this principle are described by A. F.

Crosse, in which the sulphide of zinc is decomposed: (i) by ferric

sulphate; (ii) by iodine.

Method No. 5 (a).

Zinc Sulphide Decomposed by Ferric Sulphate.

The following method {Journal Chem. and Met. Soc. South

Africa, Vol. III., p. 4, May 10, 1903) for solutions containing not

more than a trace of copper is stated to be very exact and fairly

quick

:

"Take 300 c.c. of solution, add about a gram of KCy and the

same quantity of pure caustic potash or soda, heat nearly to boiling

point, and then add a slight excess of sulphide of sodium in solu-

tion. The zinc will be quickly precipitated as sulphide, and should

be collected on a filter paper and washed with hot water. Then
place the filter paper in a wide-mouthed bottle of known capacity,

between 250 and 300 c.c. This bottle must be provided with a

well-fitting india-rubber bung through which a moderately wide

tube is inserted, about 8 or 10 in. long. Then fill up the bottle

with a weak solution of pure ferric sulphate, containing 5 per cent

to 7 per cent of sulphuric acid, place the bottle or flask in a bowl of

cold water and raise the temperature to boiling point. The reason

for the glass tube will be apparent, as it allows for the expansion of

the liquid.

"The zinc sulphide will have decomposed [ZnS -j- Peg (804)3 =^

2FeS04 -f- ZnSO^ -|- S], and reduced a proportionate amount of

ferric sulphate to ferrous sulphate.

"When nearly cold, filter off the solution through a dry filter pa-

per, take half the quantity contained in the bottle and titrate with

N/10 permanganate: 1 c.c. N/10 KMnO^ = 0.003285 gram Zn."
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The results in presence of ferro and sulphocyanides were found

by Crosse to be very satisfactory.

Owing to the slight solubility of zinc sulphide in weak cyanide

solutions, an addition of one milligram of zinc per 100 c.c. of solu-

tion taken should be made as a correction to the result obtained.

Method No. 5 (6).

Zinc Sulphide Decomposed by Iodine.

The following method described by Crosse (Journal Chem. and

Met. Soc. South Africa, Vol. III., p. 165) is quoted from Mohr's

Volumetric Analysis, p. 338.

The solutions required are:

(a) N/IO iodine.

(•j) N/10 thiosulphate.

(c) 5 per cent sodium sulphide.

The method is as follows: 100 c.c. of the working solution is

heated to about 70° C, and an excess of sodium sulphide added.

The mixture is allowed to settle, filtered, and the precipitate of

zinc sulphide well washed on the filter with hot water ; the washing

is continued until the wash-water shows no trace of sulphide; the

filter paper is then transferred to a small 150 c.c. flask. This flask

is fitted with a rubber cork having two holes; through one passes

a drip funnel with tap, and through the other a short piece of

glass tube, terminating in a 'small length of rubber tubing. A
pinch-cock is attached to the latter. Sufficient N/10 iodine is then

run into the flask to leave an excess of not more than 5 c.c. (30

to 35 c.c. X/10 iodine is usually sufficient). The cork is then

replaced, and about 100 c.c. of very dilute hydrochloric acid is placed

in the funnel. The tap is opened, and on pressing the pinch-cock air

escapes and the dilute acid takes its place. The taps are then

closed, and the whole apparatus shaken to thoroughly break up the

filter paper. After a few minutes' standing the contents of the

flask are titrated with N/10 thiosulphate, and the excess of iodine

determined.

If a:= No. of c.c. N/10 iodine taken,

y = No. of c.c. N/10 thiosulphate required,

(x— y) X 0.003285 = grams Zn per cent.
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The reactions are as under:

ZnS + 2HC1 = ZnCl^ + H^S.

H^S + I, = 2HI H- S.

The method is rapid of execution and capable of great accuracy.

Method No. 6.

Estimation of Zinc by Alkalimetric Method, Based on Precipitation

as Carbonate and Treatment with Potassium Ferrocyanide.

This method, due to L. M. Green {Proceedings Inst. Min. and

Met., Vol. X., pp. 29-37), depends on the fact that when an excess

of ferrocyanide is mixed with a precipitate of basic carbonate of

zinc, there is a liberation of alkali in proportion to the zinc present.

It is carried out as follows

:

(a) 50 c.c. of the solution to be tested are examined for total

cyanide by Vielhaber's method (see above), to determine the

amount of standard silver nitrate required to give a permanent red

tinge when a drop of neutral potassium chromate has been added.

If necessary, the protective alkali must be neutralized by adding the

required amount of N/10 nitric acid before titrating with AgNOj
and chromate.

Let n = No. of c.c. of AgNOg required.

(b) Another 50 c.c. of the original solution are now taken, n c.c.

of silver nitrate added, and well shaken. A few drops of phenol

phthalein solution (0.5 per cent in alcohol) are now added, and then

N/10 sodium carbonate, until a distinct pink tinge is permanent.

The solution is now very cautiously neutralized by the addition of

N/10 nitric acid until the color is just discharged. The liquid

should be allowed to stand for a few moments after each addition

of acid, and the color of the clear liquid observed in a good light

against a white background, as the precipitate may remain slightly

tinged after the liquid is really neutral. According to Green, thi*

zinc is thus precipitated as basic carbonate. An excess of ferrO'

cyanide is now added, which liberates alkali in proportion to the

amount of zinc present. This alkali is now determined by titrating

the resulting pink fluid with N/10 nitric acid, until it again be-

comes colorless or faintly yellow.

The reactions, so far as the zinc double cyanide is concerned,

appear to be as follows, according to the explanations given in

Green's paper:
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(a) On adding silver nitrate we get in succession

K^ZnCy, + Agl^O, = ZnCy, + KAgCy, + KNO3,
KAgCy^ + AgNOg = 2AgCy + KNO3,
ZnCy3 + 2AgN03 = Zn(NOJ, + 2AgCy.

Or, combining these in one equation

:

K,ZnCy, + 4Ag^0, = 4AgCy + Zn(N03), + 2KN0,.

(6) On adding sodium carbonate to neutralize

2Zn(N03)2 + SNa^COa + 2H2O =
Zn(0H)2 ZnC03 + 2NaHC03 + 4NaN03.

[The experimental results I have obtained do not confirm this

equation, but point rather to a reaction in equivalent proportions

between zinc and sodium carbonate, in which case the precipitate

would appear to consist of the normal carbonate, thus:

Zn(N03)2 + NaaCO, = ZnCOj + 2NaN03.

The matter, however, requires further investigation.]

(c) On adding ferrocyanide, alkali is liberated

Zn(0H)2ZnC03 + K^FeCy, = Zn^FeCye 4-2KOH + K2CO3
[Or in case of normal zinc carbonate

2ZnC03 + K^FeCys = Zn^FeCy^ + 2K2CO3.]

(d) On titration with standard nitric acid (phenol phthalein in-

dicator),

2K0H + K2CO3 + 3HNO3 = 3KXO3 + KHCO3 + 2H2O, or

2K2CO3 + 2HNO3 = 2KHCO3 + 2KNO3.

This method was found to give fair comparative results for vary-

ing quantities of zinc. It requires the use of considerable amounts

of silver solution, however, and the neutralization with sodium car-

bonate and N/10 acid is somewhat tedious, the finishing point being

rather indefinite. (See Appendix, pages 196, 197.)

SECTION B.

Estimation of Copper.

The presence of copper in the ore under treatment, especially

when the metal occurs as carbonate, has a very injurious effect, giving

rise to high consimiption of cyanide. Moreover, the accumula-

tion of copper in the working solutions beyond a certain amount in-

terferes seriously with the precipitation of the gold. Hence in some
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cases it becomes a matter of importance to estimate the quantity of

copper in the solution.

Detection of Copper.—The presence of copper, even in very small

amount, may be detected by acidulating the cyanide solution with

any mineral acid, and adding a few drops of dilute ferrocyanide

solution, which gives the characteristic reddish-brown color.

Ammonia, of course, gives no blue color in solutions containing

soluble cyanides, so that complete decomposition {e.g., by boiling

with sulphuric and nitric acids) is necessary before this reagent call

be applied for the detection of copper.

Methods for Estimating Copper.—The following are here given :

—

(a) Decomposition of the solution by evaporation with acids,

copper being afterwards estimated by the ordinary analytical

methods.

(&) By direct precipitation from cyanide solution as cuprous

cyanide, by addition of acid.

Group (a).

—

Decomposition of Solution by Boiling or Evapo-

ration WITH Acids.

Method No. 1.

Evaporation with Nitro-Hydrochloric Acid, Followed by Sulphuric

Acid.

This process has already been described under zinc. (See above.

Method No. 1.) In the majority of cases it appears to be unneces-

sary to evaporate to complete dryness; it is sufficient to add to

100 c.c. of the solution 5 c.c. of concentrated nitric and 5 c.c. of

concentrated sulphuric acid and boil till white fumes of SO3 are

freely given off, then add ammonia in slight excess, boil again and

filter. If much iron is present, redissolve the precipitate in hydro-

chloric acid and reprecipitate with ammonia, filter again, adding

the second filtrate to the first.

The copper may now, of course, be estimated by any of the ordi-

nary gravimetric or volumetric methods, of which the best known
are the 'cyanide' method of Parkes and the 'iodide' method of

E. 0. Brown, both of which are extensively used with various modi-

fications, and are described in all text-books on analysis. For rapid
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estimations, however, the simplest plan is to use a colorimetric

method. For this purpose a standard solution of copper nitrate is

prepared, containing 0.1 per cent copper and about 1 per cent sul-

phuric acid. The ammoniacal copper solution from the cyanide liq-

uor, diluted to a suitable volume, (according to the amount of copper

present) say 10 c.c, for every milligram of Cu, is placed in a clear

^lass cylinder, and a nearly equal volume of distilled water in a simi-

lar cylinder. To the latter add as nearly as possible the same amount

of ammonia as was used in the test, and run in the copper solution

from the burette, with constant shaking, until the tint in the two

cylinders is the same. Every c.c. run in represents 0.001

gram Cu. The best results are obtained when the amount of

copper is between 5 and 15 milligrams. With practice, the amount

of copper present may be estimated to within 0.0002 gram. Some
difficulty is occasionally experienced in getting the same kind of

color in the two liquids ; this appears to be chiefly owing to a trace

of iron passing with the filtrate into the ammoniacal liquor, to

which it imparts a greenish shade; when this occurs, no accurate

comparison of the tints is possible. (See Appendix, page 198.)

Where the quantity of copper present is sufficient, it may be esti-

mated quite accurately in the liquid obtained by boiling with sul-

phuric acid till fumes are given off, by diluting this liquid carefully

to about 100 c.c, adding 10 c.c. of concentrated sulphuric acid, and

one or more sheets of aluminum, boiling for 10 minutes and treat-

ing the precipitated copper by the method of A. H. Low (Journal

Amer. Chem. Soc, XVIII., No. 5; see also Sutton, Volum. Anal.,

8thed., p. 203).

Method No. 2.

Treatment with Silver Nitrate and Digestion with Acid.

This process is a slight modification of the method of H. Eose

for determining total cyanide which has been already described.

(a) A determination is made of the amount of silver nitrate re-

quired for total precipitation of cyanides and chlorides with chro-

mate indicator. (See Vielhaber's method, above.)

(6) Another portion of the original liquid is now taken (say,

10 to 50 c.c), and the amount of silver nitrate shown to be neces-

sary by the previous test for complete precipitation of cyanides,

ferrocyanides, chlorides, etc., is added with agitation, then 5 c.c. of
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concentrated sulphuric acid. The mixture is then boiled till the

residue in the flask is perfectly white, or has only a slight brownish

tinge, then filtered, and the flask and filter washed once or twice

with a little hot water, keeping the bulk of liquid as small as pos-

sible. All the copper will now be in solution as sulphate, and may
be estimated as in the previous method.

Group (b).

—

Precipitation of Copper in Cyanide Solution

BY Direct Addition of Acid.

When sulphuric acid is added in slight excess to a solution con-

taining a soluble double cyanide of copper, a white precipitate,

probably cuprous cyanide (Cu^Cj^), is formed, and the greater part

of the copper is thrown down. It is always possible, however, to

detect copper in the filtrate by the ferrocyanide test.

The following method devised by the present writer (Journal

Soc. Chem. Ind., Vol. XIX., p. 14) gives accurate results under

certain conditions, but is not applicable in the presence of zinc,

silver or ferrocyanides.

It depends upon the facts

:

1. That cuprous cyanide is precipitated from a solution of the

double cyanide by dilute mineral acids.

2. That hydrocyanic and carbonic acids have practically no ac-

tion on methyl orange.

3. That when an acid is added gradually to a mixed solution

containing free cyanide, alkaline hydrates and carbonates, and a

double cyanide of copper, no precipitation of copper occurs until

the whole of the cyanides and alkaline compounds have been neu-

tralized to methyl orange.

The test is made by adding N/10 acid in slight excess to a meas-

ured volume of the liquid, making up to a definite volume, filter-

ing, and titrating an aliquot part of the filtrate with N/10 sodium

carbonate, using methyl orange as indicator.

The initial point of precipiiation with N/10 acid must be care-

fully noted, i.e., the point at which the liquid first remains perma-

nently turbid owing to precipitation of cuprous cyanide. From the

total amount of acid added beyond this initial point, the equivalcjit,

for the entire filtrate, of the amount of N/10 carbonate used must

be deducted. The result gives the amount of N/10 acid consumed

in precipitating copper. The reaction is apparently

KaCu^Cy^ + 2HNO3 =: 2KNO3 + 2HCy + CuaCy^.
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With impure solutions a difficulty is sometimes experienced in

observing the initial point; also the titration with methyl orange

does not give as sharp an end point as could be wished.

SECTIONS C, D, E.

Estimation of Iron, Alkaline Earths and Alkali Metals.

See Appendix, pages 195, 196.



138 CHEMISTRY OF CYANIDE SOLUTIONS.

CLASS VIII.

SUSPENDED MATTER.

General RemarTcs.—The nature and amount of the solid matter

in suspension may be of considerable importance under certain con-

ditions. It is well known that imperfect precipitation is often

caused by turbid solutions, and in some cases much trouble is caused

by deposits of various kinds forming on the surface of the zinc

shavings, etc. It is advisable to ascertain by occasional tests whether

the amount of suspended matter in the solution is increasing or not.

The insoluble substances carried down from the leaching tanks may
be very various in character, but among those most commonly found

may be mentioned: (1) Finely divided silica; (2) cyanides and

ferrocyanides of zinc; (3) ferric hydrate, alumina and magnesia;

(4) calcium carbonate; (5) organic matter resulting from decay-

ing vegetation mixed with tailings.

In some cases the suspended matter may be reduced in amount

or entirely dissolved by increasing the cyanide strength or the

alkalinity of the solution, as, for example, when sparingly soluble

zinc compounds are present.

As a general rule it will be sufficient to determine the total amount

of suspended matter, but occasionally an analysis of the dried resi-

due may be required.

We shall also give a method of estimating total dissolved solids.

SECTION" A.

Estimation op Total Solids in Suspension.

For this purpose a measured volume (say 500 c.c. or 1,000 c.c.)

of the solution is passed through a weighed filter paper, and the

paper weighed again after washing and drying. When an accurate

determination is required it is carried out as follows:

(a) Preparation of Filters.—About a dozen filter papers of good

quality and as free as possible from ash are taken. These may con-

veniently be about 9 cm. in diameter. The filters, several together,
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are folded one within the other in funnels, and washed with hot

dilute hydrochloric acid until the washings show no trace of iron

or other soluble matter. They are then washed with hot distilled

water until no trace of chlorine can be detected in the liquid passing

through, on testing it with silver nitrate. The papers are then

spread out and dried thoroughly on a water bath.

(6) Determination of Ash.—Six of the prepared papers may be

taken for this purpose. They are folded together into a small packet

and wrapped round once or twice with one end of a piece of platinum

wire. Holding the wire by the other end, the papers are held in a

small gas flame, in a place free from draughts, until completely

burned. The ash is allowed to fall into a clean porcelain crucible,

which has previously been ignited and weighed; this is then again

ignited with the ash, allowed to cool, and weighed. The quantity

of ash found, divided by 6, gives the average weight of ash for one

paper.

(c) Weighing of Paper for Collection of Suspended Matter.—
The paper to be used for this purpose is dried for some time on the

water bath, placed in a weighing tube and weighed. The weighing

tube may easily be made from a couple of test tubes, one of which

fits tolerably closely within the other. The rim of the smaller tube

is cut off, and the edges melted smooth in a small gas flame. When
the paper is to be weighed it is carefully rolled up and slipped

inside the smaller tube, the larger tube being then put on as a

cover. After weighing, the paper is returned to the water bath and

weighed again at intervals of half an hour until the weight is nearly

or quite constant. Two consecutive weighings should agree at

least within 0.5 milligram. The weight of the empty tubes is then

deducted. The tubes and paper should be placed in a desiccator to

cool before weighing.

The tubes, during drying, may conveniently be supported over the

water bath on a sheet of paper folded in grooves. The filter is

placed almost out of the smaller tube, the two tubes being sepa-

rated ; they can then be shut up while hot by pushing the tubes to-

gether on the grooved paper.

Filtration will generally be more rapid if the paper be folded to

form a ribbed filter before drying.

(d) Filtration of Suspended Matter.—When the quantity of sus-

pended matter is very large, it will be better to allow a sample of

the liquid to remain at rest for several hours and siphon off the

J'
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clear liquor, which may then be passed through the filter, and the

sediment added after the whole of this has filtered through. In other

cases, where the amount of sediment is not excessive, the measured

quantity may be placed in a narrow-necked flask and inverted over

the funnel containing the weighed filter paper. Finally, the residue

adhering to the sides of the flask is carefully rinsed out on to the

funnel with hot distilled water, and the filter washed until the

washings show no indications of soluble matter.

(e) Drying and Weighing of Suspended Matter.—The washed

filter, with the matter upon it, is now dried on the water bath with

the weighing tubes exactly as before. The weight found, less

weight of tubes and paper alone (determined above, under c), gives

the total solids in suspension, dried at 100° C.

SECTION B.

Estimation of Various Constituents in Suspended Matter.

The paper with its contents, after drying and weighing as above,

is ignited in a porcelain crucible, allowed to cool and weighed.

The amount found, less ash of prepared filter paper, gives the weight

of mineral matter in suspension.

The loss of weight on ignition represents volatile matter, consist-

ing of organic matter, carbonic acid, combined water, etc.

Examination of Ignited Residue.—The contents of the crucible

may be transferred to a small porcelain dish and digested for some

time with concentrated hydrochloric acid, on a sand bath, finally

evaporating to complete dryness and igniting gently. The residue is

then examined by the ordinary methods of analysis for silica, zinc,

iron, copper, calcium, magnesium, alkalis, etc.

It is perhaps advisable to determine zinc, and some other metals

which might volatilize either on ignition or on treatment with con-

centrated hydrochloric acid, in a separate portion of the residue,

dried on the water bath without ignition. For this purpose the

residue is digested with nitro-hydrochloric acid, then concentrated

to a small bulk, a few drops of sulphuric acid added, and evapora-

tion continued until SO3 is given off. Zinc, iron, copper, etc., will

then be present as sulphates.
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Determination of Calcium and Magnesium.—After separation of

silica, copper, zinc, iron, aluminum, etc., by treatment with acids,

HjS, ammonia and ammonium sulphide, in the ordinary way, the

filtrate is evaporated with nitric acid until all excess of sulphide

is oxidized, filtering again if necessary. Hydrochloric acid is then

added, heated to boiling, then ammonia in excess, finally oxalic acid

in quantity sufficient to precipitate the calcium, leaving an excess

of ammonia. The liquid is well stirred and allowed to stand until

it has settled clear, filtered, washed with hot water till free from

chlorides, and the precipitate strongly ignited and weighed as CaO.

The filtrate from the calcium oxalate precipitate is evaporated

to a small bulk, a few drops of ammonia added, then sodium phos-

phate, stirred without touching the sides of the beaker with the rod,

allowed to settle, filtered, and the precipitate washed on to the filter

paper with a little of the filtrate; finally washed with 25 per cent

ammonia till free from chlorides, ignited, and weighed as mag-

nesium pyrophosphate, MgaPjO^.

SECTION C.

Estimation of Total Solids in Solution.

A portion of the filtrate from the suspended matter, taken before

washing the latter with hot water, may be used for estimating total

solids in solution.

Carefully clean and ignite a small porcelain basin, noting its

exact weight when cool. The basin must be of such a size that

it may be conveniently placed on the pan of an analytical balance,

and in a desiccator. Evaporate 100 or 200 c.c. of the solution to

dryness in this basin, on water bath ; when the residue appears quite

dry, wipe the under side of the basin with a cloth, and transfer

to desiccator till cool. Weigh approximately, place again on water

bath. Weigh again at intervals of half an hour. Before removing

the dish from the desiccator it is advisable to place the weights

previously required on the balance pan, so as to be able to take the

actual weight of dish and contents as rapidly as possible. The dried

residue usually absorbs moisture and increases in weight on the

balance very rapidly. Eepeat the operation till the difference in
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weight between two successive weighings is less than 1 milligram.

About three hours are generally required, after the residue is appar-

ently dry, before the weight is constant.

Weight of dish and contents, less weight of empty dish, gives total

solids in solution, dried at 100° C.

Note color and appearance of residue.

Total Solids on Ignition.—In some cases it is useful to heat the

basin and contents gradually to redness, after having obtained a

constant weight on the water bath. The further loss of weight on

ignition gives an idea of the amount of volatile matter—cyanogen,

COg in carbonates, organic matter of various kinds, ammonium salts,

water of crystallization, etc. Note especially if any charring takes

place, if fumes are evolved, or if there are any changes of color.

Allow to cool in desiccator, weigh, ignite again, cool, and weigh till

weight is constant.

The residue may now be used for determination of silica, iron,

aluminum, calcium, magnesium, potassium, sodium or other metals.
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AN EXAMINATION OF VARIOUS METHODS FOR THE
ESTIMATION OF FERROCYANIDES.

The following investigation was undertaken with a view to ascer-

taining which of the numerous published processes for the estima-

tion of ferrocyanides would be most suitable for use in dealing with

the solutions obtained in the cyanide treatment of ores. None of

the methods examined proved to be entirely satisfactory, though in

some cases a slight modification naturally suggested itself, which

gave decidedly better results than the original form of the process.

The following is a short summary of methods examined, which were

selected as being the most promising

:

SUMMABY OF METHODS EXAMINED.

(1) Titration of iron, after decomposition of the cyanogen com-

pounds with acids.

(a) Without precipitating the iron as hydrate.

(&) By precipitating with ammonia and determining iron in

the precipitate.

(2) Inverse titration with permanganate.

(a) Running solution to be examined into a measured volume

of standard permanganate (Bettel's method).

(6) Determining excess of permanganate by means of potas-

sium iodide and thiosulphate.

(3) Precipitation as Prussian blue, treating precipitate with al-

kali, filtering and titrating the acidulated filtrate.

(a) With permanganate (Erlenmeyer's method).

(b) With copper sulphate (Knublauch's method).

(4) Direct titration with standard copper sulphate and ferric in-

dicator (Bohlig's method).

(5) Conversion into ferricyanide and titration of the latter with

copper sulphate and ferrous indicator.

(a) Converted by bleaching powder (Hurter's method).

(6) Converted by permanganate.

(6) Titration with standard zinc sulphate (Miiller's method).

(7) Green's alkalimetric method.
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Method No. 1.

Titration of Iron.
,

This method is based on the assumption that all the iron in the

solution is present as ferrocyanide. As generally carried out, the

solution is evaporated several times to dryness with strong acids, in

order to ensure the complete decomposition of the cyanogen com-

pounds. In most cases, however, this was found to be unnecessary,

and complete removal of cyanogen could be effected as follows

:

Method No. 1 (a). Without Precipitation of Iron as Hydrate.—
A measured volume of a solution containing the usual impurities

found in cyanide liquors (KgZnCy^, KCyS), together with a known

volume of N/100 ferrocyanide (4.23 grams K^FeCye-SHgO per

liter), was evaporated with addition of 5 c.c. concentrated nitric

acid and 10 c.c. sulphuric acid (25 per cent per volume of strong

acid) , until dense white fumes of sulphuric acid were evolved. When

cool, 25 c.c. water and 10 c.c. of the above 25 per cent sulphuric

acid were added, then one gram of clean zinc, and the mixture heated

gently until the zinc had completely dissolved. The flask was then

cooled, 50 c.c. of boiled distilled water added, and the solution ti-

trated immediately with N/100 permanganate.

The sulphuric acid used was prepared by dropping permanganate

solution into the diluted acid, after cooling, until a very faint pink

tint remained permanent.

The zinc used left a small quantity of black residue on dissolving

in acid. It was not found advisable to filter this off, but a correction

was made by carrying out a blank experiment, using the same weight

of zinc and of other ingredients, but omitting ferrocyanides. The

amount of permanganate finally required in titrating the blank test

was deducted from the numbers obtained in the other determinations.

Usually, however, it was found that a larger correction than that

shown by the blank test was necessary, in order to give numbers ap-

proximately proportional to the ferrocyanide taken.

For convenience in comparison the results of each determination

have been calculated so as to show the percentage variation from the

mean result. (See last column.)
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Table No. 1.

Model Solution A
used in tests.

Results of Method No. 1 (a).

KCy 0.192%,

KaZnCy^ 0.076%,

KCyS 0.03 %.

Permanganate {" 1 c.c. =: 0.000536 gram Fe.

(standard solution)
^^

= 0.04042 gram K^FeCye'SHjO.

Solutions Tested.
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As in the previous method, a correction is necessary, as not only

the zinc, but also the filter papers contain a small amount of iron

or other reducing agent. A blank experiment is conducted exactly

as in the actual determinations, but omitting ferrocyanide.

This method has the advantage that zinc, copper, etc., may be

determined in the filtrate from the ferric hydrate precipitate.

Table No. 2. Results of Method No. 1 (&).

r

Model Solution A
KCy 0.193%,

K^ZnCy, 0.076%,

KCyS 0.03%.

Standard r 1 c.c. = 0.000536 gram Fe,

Permanganate "j = 0.04042 gram K^YeCy^SIl^O.

Solutions Tested.
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obtained by precipitating with an acid ferric salt, filtering, and

titrating the filtrate.

The difference of these two determinations is supposed to give

the reducing power of the ferrocyanide.

The results obtained when the test was made as directed by Bettel

were not at all satisfactory, the end-point in determination (i) was

by no means sharp, and the complete washing of the precipitate

in (ii) was a lengthy and troublesome operation. Owing to the

high reducing power of thiocyanates as compared with ferro-

cyanides, the thorough washing of the precipitate in this

test is most essential. As, however, the estimation of total reducing

power may in some cases be a matter of importance, some tests were

made on the first of Bettel's determinations {Proceedings Chem. and

Met. Soc., S. Africa, Vol. I., p. 166).

Method No. 2 {a). Inverse Titration with Acidulated Perman-

ganate.—A measured quantity of permanganate solution (approx-

imately N/100) was placed in a white porcelain basin with addi-

tion of from 10 to 30 c.c. of 25 per cent sulphuric acid (prepared

as in the previous tests, by addition of permanganate until a faint

pink tint remained permanent). The solution to be tested, con-

taining known amounts of ferrocyanide, together with the usual im-

purities, was then run from a burette into the acidulated perman-

ganate until the pink color changed to a faint yellow. When much
permanganate was used, the addition of the solution caused the

formation of a brown precipitate, in which case no definite finish-

ing point could be observed. This was remedied to some extent by

increasing the amount of acid.

Table No. 3. Results of Method No. 2 (a).

Model Solution B

f KCy 0.15^0,

K^ZnCy^ 0.1%,

KCyS 0.075%,

K^FeCye-SH^O 0.053%.

c^, -, I -r, i !
Approximately !N/100

Standard Permanganate -( A^o-,/> i-i.° ^z= 0.316 gram per liter.
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N/100
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The results obtained by this method generally agreed with about

3 per cent of the theoretical numbers, in some cases the agreement

was much closer; in one set the divergence amounted only to 0.5

per cent. It is essential that the permanganate solution should be

standardized on the N/100 thiosulphate immediately before or after

making the required determinations. The finishing point is ascer-

tained by adding a few drops of starch solution, either freshly pre-

pared or preserved by the addition of a little caustic soda. The blue

color generally shows some tendency to return on standing, but the

reaction may be considered complete when the solution remains

quite colorless for a minute.

The amount of permanganate apparently consumed in oxidizing

the various oxidizable ingredients in the solution was considerably

less in this method than in Method No. 2 (a) (Bettel's form), as

shown in the following comparative results:

Table No. 5.

Model Solution D

KCy
K^ZnCy^

KCyS

0.15%,

0.1%,

0.075%,

K^FeCyg-SH^O 0.158%.

Volume of
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Method No. 3 (a) (Erlenmeyer's) . Precipitation as Prussian

Blue, Conversion into a Soluble Ferrocyanide and Titration of the

Latter with Permanganate.—The mixture containing known quan-

tities of KCy, KCySj Ka^nCy^ and K^FeCye was heated to boiling

and poured into 10 c.c. of special ferric chloride solution, also boil-

ing. This special solution contained about 6 per cent of ferric

chloride and 30 per cent hydrochloric acid.

The mixture was stirred and allowed to settle, then washed by

decantation, and finally collected on a filter and washed thoroughly

with boiling water till the washings were free from chlorine and

thiocyanates. The precipitate was then washed off the filter paper

as far as possible into a clean flask, and 10 c.c. of 5 per cent caustic

soda passed through the funnel into the same flask. This was then

boiled for some time until the Prussian blue appeared to be com-

pletely decomposed, and filtered through the same filters. The

ferric hydrate precipitate was then washed until free from ferro-

cyanide, and the filtrate acidulated by the addition of 10 c.c. 25

per cent sulphuric acid. The resulting liquid was titrated with

N/100 permanganate.

The method is long and tedious, as great care must be taken in

the washing of both precipitates, which must be done with very

hot water.

Attempts made to determine the ferrocyanide by redissolving the

ferric hydrate precipitate and treating as in Method No. 1 (&) did

not give satisfactory results.

Table No. 6. Results of Method No. 3 (a).

r KCy 0.15%,

Model Solution E J K^ZnCy^ 0.2%,

[ KCyS 0.05%,

Ferrocyanide solution N/100= 0.422%.

N/lOO ferro-
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These results show a variation from the mean value of ±: 3.5 per

cent.

As the method is scarcely, if at all, more rapid than Method

No. 1, it does not appear to present any special advantages.

Method No. 3 (&) (Knublauch's) . Precipitation as Prussian

Blue, Conversion into a Soluble Ferrocyanide, and Titration of the

Latter with Copper Sulphate and Ferric Indicator.—The operations

are practically the same as in Erlenmeyer's method, but after acidu-

lating the final filtrate with sulphuric acid, the liquid is titrated by

running in copper sulphate (about 1 per cent CuS04-5H20) until

a drop of the liquid no longer gives a blue color with a drop of

dilute ferric chloride, when the two drops are allowed to run into

one another on white filter paper. Only a few tests were made by

this method, which presents all the drawbacks of Erlenmeyer's

method, with the additional disadvantage that the final titration

requires an external indicator.

Table No. 7. Results of Method No. 3 (6).

Solutions Tested.*
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Absence of Zinc.—A measured volume of the solution was acidu-

lated with sulphuric acid, and titrated with 1 per cent solution of

copper sulphate, until a drop of the liquid taken out on a glass

rod and placed on filter paper beside a spot of very dilute ferric

chloride no longer showed any blue coloration. The ordinary white

filter paper was found to contain sufficient iron to give a distinct

blue color as long as a considerable excess of ferrocyanide was

present, but the exact finishing point was determined by means of

the ferric chloride solution.

TaUe No. 8. Results of Method No. 4. (a).

Contents of Solution Tested.
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ferrocyanide which was not easily washed out; also some lead dis-

solved in the strongly alkaline liquid, and was precipitated as sul-

phate on acidulating. The addition of strong alkali was found to

be necessary to ensure the complete precipitation of the zinc. The

results were not very satisfactory, the following figures showing a

variation of ± 6 per cent or more.
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showed any blue color with dilute ferric chloride in spots on a por-

celain plate. In presence of much zinc a precipitate formed, which,

however, redissolved in excess of bleaching powder. Air was then

aspirated through the solution by placing it in a flask, with a tube

connected with a large jar filled with water, so arranged that by

siphoning the water from the jar a brisk current of air was drawn

through the liquid in the flask for about 10 minutes. By this

means the excess of chlorine was practically removed. The pres-

ence of a moderate excess of chlorine did not appear to affect the re-

sult materially, but the cyanogen chloride attacks the eyes and ren-

ders the manipulation very unpleasant, so that it is advisable to

remove it.

The liquid was then titrated with copper sulphate (1 per cent

CuS04-5H20) using ferrous-ammonium sulphate in spots on a

porcelain plate as external indicator, until a drop of the liquid taken

out on a glass rod no longer gave a blue color but produced a slight

brownish or purplish tinge. The reaction was considered to be com-

plete when the spots became momentarily blue on mixing, but

showed no trace of blue after standing for a few seconds. With

practice this point could be determined within about 0.2 c.c. of the

copper solution.

Experiments in which the liquid was warmed to 140° F. before

aspirating gave less satisfactory results.

Table No. 10. Results of Method No. 5 (a).

F. G.
r Cyanide KCy 0.192% 0.105%

Zinc double Cy K^ZnCy^ 0.076% 0.057%

L Thiocyanate KCyS 0.03 % 0.06 %
of sulphuric acid (25% by volume) added in each test.

Model

Solutions

Ten c.c
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(ii) Results without Aspiration.

155

Ferrocyanide
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removed by precipitation as sulphide after making strongly alka-

line and heating. The filtrate was then acidulated; oxidized by

permanganate and titrated with copper sulphate, as above.

Table No. 11. Results of Method No. 5 (&) in Solutions Free

from Zinc.

Model Solution
j

H 1

K.FeCye-SH^O
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No. of
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Table No. 13. Results of Method No. 6, in Absence of Zinc Double

Cyanide.

Mixture Tested.
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silver nitrate until a distinct yellow turbidity remains permanent

on shaking. Kesult = T.

(2) Take again n c.c. of the solution to be tested, add one or two

c.c. of neutral potassium chromate, and titrate till the liquid re-

mains permanently red on shaking. (Where much free alkali is

present this must be carefully neutralized before making this test.)

Eesult = N.

(3) Take n c.c. of the solution to be tested. Add 2T c.c. of

silver nitrate, then phenol phthalein and sodium carbonate till dis-

tinctly red. Then exactly neutralize by adding nitric acid drop by

drop, shaking and allowing to settle, until the liquid becomes quite

colorless. Then add ferrocyanide in excess (say, about 25 c.c. of

N/10 solution), which causes the solution to become alkaline again.

Titrate with N/10 nitric acid until the color is discharged, leaving

a slightly yellowish liquid. The nitric acid must be run in slowly,

with constant agitation toward the end. Eesult of last titration

= A.

(4) Take n c.c. of the solution to be tested, add N c.c. of silver

nitrate, and proceed exactly as in (3). Eesult = B (proportioned

to zinc present)

.

The quantity B — A should be proportional to the ferrocyanide

in the original solution.

Table No. 14. Results of Method No. 7.

25 c.c. N/10 ferrocyanide added during each test.

r K.FeCye-SH^O 0.1%

\
KCy

Model Solution J
I

KCyS
l K,ZnCy,

0.2%

0.1%

0.4%
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In the first three tests the quantities of nitric acid which have to

be determined are probably too small for accurate measurements

•under the conditions of the test.

CONCLUDING EEMARKS.

Of the different methods examined, that described under 1 (&)

gave the most closely concordant results, and with care could no

doubt be applied with great accuracy for the determination of fer-

rocyanides under ordinary conditions. It is, however, decidedly

too long for general use in cases where determinations have to be

made at frequent intervals.

For rapid approximate results, Hurter's method (No. 5 (a) )

with the modifications herein described, appears to be the most serv-

iceable. It is, however, absolutely essential that the standard cop-

per solution should be standardized on a liquid (containing an ex-

actly known quantity of ferrocyanide), and having other ingredients

approximately in the proportions which may be expected to occur

in the liquid to be examined.

The investigation is far from complete, and many tests were made
on various minor points to which no reference has been possible

in this paper. In the results which are here presented, however,

every effort has been made to eliminate the personal element ; when-

ever possible, the solutions were prepared by one operator, and tested

by another who was not previously informed of their composition.

It is hoped, therefore, that the data which have been obtained may
serve as. a useful basis for further researches.
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Estimation of Free Cyanide.

Method No. 6.

Estimation of Free Cyanide by Distillation with Magnesium

Chloride.

W. Feld (Journ.f. GasbeleuchL, XLY1.[29] 561; see also J.S.C.I.,

September 30, 1903) has shown that if cyanides of the alkahs,

of ammonium or of the alkaline earths are distilled with solu-

tions of certain neutral salts, preferably magnesium chloride or

lead nitrate, the cyanogen is expelled quantitatively as HCy:

(a) MgCl^ + 2KCy + 2H2O =Mg(0H)2+ 2KC1 +* 2HCy,

(6) Pb(N03)2+ 2KCy + 2H2O = Pb(0H)2+ 2KNO3+ 2HCy,

and has applied these reactions in the estimation of free cyanide

in commercial cyanides.

If sulphides be present in the solution to be distilled, lead

nitrate should be used, to avoid the evolution of HgS which

occurs when magnesium chloride is employed.

In analyzing a pure alkah cyanide, 0.25 to 0.5 gi*ams of the

substance, dissolved in 80 to 100 c.c. of water, is distilled with

5 to 30 c.c. of 3N magnesium chloride solution for about 15 to 20

minutes, with the exit tube of the condenser dipping into 25 c.c.

of normal caustic soda solution. The whole apparatus should

be gas-tight and should be placed in a good draught chamber.

To the Uquid containing the distillate there is added about 5 c.c.

of a 4% solution of KI and the cyanide is then titrated in the

ordinary way with AgNOg. The results are said to be accurate,

and not influenced by the presence of ferrocyanides, of thio-

cyanates or (if lead nitrate be used) of sulphides.

Estimation of Total Cyanide.

Method No. 5.

Estimation of Total Cyanide by Titration with Mercuric Chloride

and Potassium-mercuric Iodide Indicator.

L. M. Green (M. Sci. Press, January 28, 1905) describes the

following modification of Hannay's method, which makes it

161
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applicable for the determination of cyanide in presence of im-

purities such as zinc, ferrocyanides, etc., which ordinarily inter-

fere. In place of ammonia, a solution of potassic mercuric iodide

is used, which gives exceedingly good results and a sharp end-

point when a cyanide solution is titrated with mercuric chloride.

The end-point is shown by the appearance of a scarlet precipitate

of mercuric iodide. This precipitate is somewhat soluble in, and
its color is affected by, caustic alkalis, but is not affected by car-

bonates or bicarbonates. Hence it is necessary where hydrates

are present to add excess of bicarbonate before testing. In the

presence of zinc double cyanide the whole of the cyanogen in

combination with the zinc is estimated, but when double cyanides

of copper are present, the whole of the cyanogen is not deter-

mined unless an excess of ferrocyanide be also added.

The standard solution recommended contains 10.422 grams

HgClj per liter.

The indicator is prepared by dissolving 1 gram KI in water,

adding HgClj solution till a permanent pink tinge is produced,

then 2 grams each of potassium ferrocyanide and sodium bicar-

bonate, making up to 200 c.c. with water. 10 c.c of the indicator

are used for each test.

By combining this method of titration with the ordinary silver

nitrate method it is possible to determine the amount of cya-

nide combined with copper, and a further modification gives a

means of estimating zinc. [See Class VII. Base metals.]

Estimation of Total Cyanogen.

Method No. 5.

Determination of Total Cyanogen by Boiling with Magnesium
Chloride and Mercuric Chloride.

W. Feld (Journ. /. GasheleuchL, XLVI [29] 561; J. S. C. I, Sep-

tember 30, 1903) has shown that mixtures containing cyanides,

ferrocyanides and ferricyanides may be analyzed by boiling with

a mixture of magnesium and mercuric chlorides and subsequently

distilling with hydrochloric or sulphuric acid. An excess of

alkali is mixed with the solution to be analyzed before adding

the reagents. The reactions are:

(a) MgCl^ + 2NaOH = MgCOH)^ + 2NaCl

(6) 2K,FeCye + SHgCI^ + 3Mg(OH)2 = 6HgCy2 + H&CI^ +
Fe2(OH)6 + SMgClj + 8KC1
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or analagous reaction in the case of other cyanogen com-

pounds.

In analyzing pure soluble salts containing no free cyanide 0.3

to 0.5 gram of the substance is dissolved in 100 to 150 c.c. of

water. 10 c.c. of normal caustic soda are added, and to the

boiling solution, 15 c.c. of 3N magnesium chloride are added very

slowly to avoid formation of clots of Mg(0H)2. To the boiUng

mixture about 100 c.c. of boiling N/10 mercuric chloride solution

are added and the whole is boiled for 5 to 15 minutes. The liquid

is then distilled with the addition of 30 c.c. of 4N hydrochloric

or sulphuric acid, the HCy being collected in NaOH solution and

titrated with AgNOg in the ordinary way, using KI indicator.

In analyzing mixtures containing free cyanide a portion contain-

ing 0.5 to 2 grams of the cyanogen compounds is mixed intimately

with 1 c.c. of normal ferrous sulphate, and 5 c.c. of 8N caustic

soda, and analyzed exactly as above.

When sulphides and thiocyanates are present, the distillate

becomes sUghtly turbid on account of the presence of free sul-

phur, and can with difficulty be titrated with' AgNOg. This

trouble is overcome by agitating the distillate with lead carbonate,

filtering and titrating an aliquot part of the filtrate. In presence

of thiocyanates HjSO^ should be used for the distillation in pref-

erence to HCl, as with the latter the results are much too low.

Method No. 6.

Determination of Total Cyanogen by Boihng with Oxide of

Mercury and Reducing with Aluminium.

V. BoreUi (Gaz. chim. ital., 1907, XXXVII. [1] 429; see also

J. S. C. I., September 30, 1907, p. 1030) gives the following, for

determining cyanogen in complex iron-cyanogen compounds.

The substance or solution is heated with excess of yellow mercuric

oxide, filtered, and the filtrate made strongly alkahne with NaOH.
Commercial aluminium powder, free from halogens, is then added

with vigorous agitation. For each gram-molecule of mercury,

12 to 15 gram-molecules of NaOH and 4 to 5 gram-molecules of

Al are used, the latter being added at intervals of 10 to 15 minutes

during the course of 2 or 3 hours. When reduction is complete,

the solution is filtered, and the cyanogen which is now present

as sodium cyanide, determined by the ordinary methods. Chlo-

rides, bromides, iodides, and thiocyanates do not interfere.
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Qualitative Tests for Cyanide.

Detection of Traces of Cyanide.

Method No. 1.

The following method is given by G. W. Williams (Journal

Chem. Met., and Min. Soc. of S. Africa, IV., 412):

"Evaporate 500 c.c. of the suspected solution with 3 or 4 drops

ammonium sulphide. Bring to dryness on a water-bath and take

up with a small quantity of water, or water and alcohol. Filter

and add a drop of ferric chloride solution. If cyanide was present

in the original hquid a red color is formed (ferric thiocyanate).

It is possible to use this for a rough colorimetric estimation of

the amount of cyanide. 1 part in 100,000 can be detected, so

that the method is serviceable for detecting traces of cyanide

in mill water."

Method No. 1a.

A, Whitby (Journal Chem., Met and Min. Soc. of S. Africa,

August, 1904, p. 54) modifies the process of G. W. WiUiams as

follows

:

Add a small crystal of tartaric acid to 500 c.c. of the water in a

capacious flask; connect the flask with a bulbed U-tube contain-

ing sufficient ammonium sulphide to form a trap. Keep the

U-tube cool by immersion in water. Boil the water in the flask

for 5 to 10 minutes. All the HCy passes over into the U-tube.

Wash out the contents of the latter into a small porcelain dish

and evaporate to dryness on a water-bath. Take up with water

and add one drop of dilute HCl. Filter into a Nessler glass.

Add FoaCle and compare the color with that produced by a stand-

ard solution of K CyS.

This test is more rapid than that given by G. W. Williams

(No. 1) and has the further advantage that it is applicable when
thiocyanates are present in the original liquid; in such a case

method No. 1 would of course be inadmissible. According to

Williams (loc. ciL, p. 56) it is less accurate when very minute

traces have to be looked for.

Method No. 2.

Stanley R. Benedict (Amer. Chem. Journ., XXXII. , No. 5) de-

scribes the following test, which depends on the fact that the
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precipitate formed by mercurous salts with excess of sodium

hydroxide is affected by cyanides, one portion dissolving, while

the color of the remainder changes from black to Ught gray,

owing to reduction to metallic mercury. No such effect is pro-

duced by ferrocyanides or thiocyanates. Ferricyanides interfere

with the test, but according to the writer, cannot coexist with

cyanides.

Mercuric salts give a yellow precipitate with caustic soda,

soluble in cyanides but not in ferrocyanides or thiocyanates.

The method of testing recommended is as follows: The solu-

tion is made alkaline with NaOH, then about 0.5 to 1 c.c. of N/25

mercurous nitrate is allowed to flow slowly down the side of

the tube, so that it will remain at the top. A ring of black mer-

curous oxide is thus formed. The test tube is now gently agi-

tated so that a mixture of precipitate and solution slowly takes

place. If KCN be present a portion of the precipitate will dis-

solve while the rest will become light gray. The test is said to

be very much more dehcate than the Prussian blue test. For

very dehcate work, a blank test is made for comparison, using the

same proportions of mercurous nitrate and NaOH as in the actual

test.

Method No. 3.

The following, by Thiery, is described in Journal Soc. Chem.

Ind., February 28, 1907, p. 168.

Absorbent paper, moistened with a 1 : 2000 solution of cupric

sulphate is dried and cut into suitable strips. The following

reagent is prepared: 0.5 gram of phenol phthalein is dissolved

in 30 c.c. of absolute alcohol; sufficient distilled water is then

added to produce a faint turbidity; then 20 grams of sodium hy-

droxide are added. Aluminium dust is then mixed with the red

alkaline solution a httle at a time until the color is discharged.

The hquid is next diluted to 150 c.c. with distilled water which

has been boiled and cooled without contact with the air. The
reagent is then filtered. It keeps indefinitely.

To apply the test, the cupric sulphate test paper is moistened

immediately before use with a few drops of the reagent. It will

detect the presence of 1 part hydrocyanic acid in 2 milHon.

Hydrogen peroxide, ferric chloride, nitric acid and ethyl nitrate

do not give a similar reaction, but liquids containing ammonium
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persulphate, hypochlorites, sodium peroxide, or perchlorates

give a positive reaction, the color, however, entirely disappearing

in a few hours, whereas that given by HCy is permanent for 24

hours.

Estimation of Hydrocyanic Acid.

Method No. 3.

Estimation of Hydrocyanic Acid by Standard AlkaH after Addi-

tion of Silver Nitrate.

If to a solution containing simple cyanides, zinc double cyanide

and hydrocyanic acid a sufficient amount of silver nitrate be

added to produce a distinct white turbidity and then an excess

of ferrocyanide (say 10 c.c. of a 5% solution of K^FeCyg- 3H2O),

the amount of hydrocyanic acid may be estimated with sufficient

accuracy for practical purposes by titrating with standard alkaU

and phenol phthalein.

1 c.c. N/100 alkafi = 0.00027 gram HCy.
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Estimation of Protective Alkali.

Criticism of Method No. 1.

With regard to this process, Gerard W. Williams (Proc. Chem.

Met. and Min. Soc. of S. Africa, Vol. IV., p. 412) states "that for

solutions carrying no zinc this process is not strictly accurate,

but may be made so by adding a slight excess of silver nitrate,

filtering off an aUquot portion, and determining the alkah in the

filtered solution. This method gives a clearer end-point and the

results are slightly higher and more accurate. Silver cyanide

appears to have some slight effect on phenol phthalein." [The

present writer's experience is that this modification gives results

identical with those of the original process; in any case, for

practical purposes it appears to be an unnecessary compli-

cation.]

Criticism of Method No. 2.

Gerard W. Williams (Proc. Chem., Met., and Min. Soc. of S.

Africa, IV., 412, May, 1904) criticises this method as follows:

"With 'made up' solutions the results are fairly accurate, but

with working solutions they vary considerably, and the variation

from the true value is not constant. When KjZnCy^ is precipi-

tated by AgNOg in the presence of varying quantities of ferro-

cyanide, too low a value is obtained on neutraUzing with acid.

Moreover the end-point is not sharp, and the color returns slowly

on standing."

Williams (loc. cit.) states that more accurate results are obtained

by adding silver nitrate, then a known excess of N/10 acid, then

ferrocyanide free from alkali, and titrating the excess acid with

standard alkali, but even thus the results are too high.

With methyl orange as indicator the results were consistently

too high, the true value being usually the mean of those found

with phenol phthalein and methyl orange. If to a normal working

167
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solution containing, say, .07% of zinc and .06% of K^FeCyg acid

is slowly added, a gelatinous precipitate slowly settles out. The
composition appears to be ZnK2Fe(Cy)e + xZnO, where x is

extremely variable and may be almost nothing. As the relative

percentage of ferrocyanide is increased, the precipitate approxi-

mates to the formula Zn2Fe(Cy)g and does not carry down so

much ZnO. The precipitate is slimy and hard to filter. On
adding a large excess of ferrocyanide, the precipitate is very slow

in forming.

The gelatinous precipitate formed when zinc is in excess col-

lects the coloring matter of the indicator (methyl orange) and on

filtering this is entirely removed. Moreover, by reflected Hght

the methyl orange entangled in the precipitate appears pink,

when by transmitted hght its color is still yellow. The use of

excess of ferrocyanide removes all difficulties, and all titrations

should be made under such conditions.

Note on the Behaviour of Zinc Ferrocyanide in Reference to

Alkalinity Determinations

Gerard W. Williams (Proc. Chem.,Met.,and Min. Soc.of S. Africa,

Vol. IV., p. 412) points out that one of the greatest drawbacks to

Green's method is the tendency of zinc ferrocyanide to form pre-

cipitates of varying composition. Zinc forms a long series of

ferrocyanides some of which are basic, or carry down ZnO me-

chanically. The nature of the precipitate varies with the quanti-

ties of the reagents present and also as to whether the precipitation

takes place in neutral, alkaline or acid solution. When acid is

slowly added to a cyanide solution containing zinc and ferro-

cyanide, the following changes occur:

Ferrocyanide
present per

1 part of zinc

Nature of Precipitate
Result of

Alkali Titration

to 3
3 to 5

5 and over

Flocculent
Milky, difficult to filter

No precipitate for 3 or 4 minutes; forms
slowly; white and slimy, impossible to filter

Too low
Color-change difficult to ob-

serve in turbid solution
Accurate if determined prior
to formation of precipitate

The nature of the precipitate varies according to the relative

amounts of zinc and ferrocyanide in the solution. As obtained

by Green's method it is basic, for which reason the pink color
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continues to return slowly after several additions of acid. If the

solution be filtered (no easy matter) the clear liquid gives a lower

value than the unfiltered solution.

"In made-up solutions, Green's method gives fairly concordant

results, if full time be allowed for the end-reaction, but in working

solutions it gives indifferent results, perhaps owing to the presence

of organic bodies such as amines."

Method No. 2a.

Indirect Titration of AlkaU after Addition of Silver Nitrate.

The following modification of Methods 1 and 2 is proposed by

Gerard W, Wilhams {loc. cit.):

(a) In absence of zinc.

(i) Determine total cyanide in the ordinary way.

(ii) To 50 c.c. of the solution add sufficient AgNOj to precipi-

tate 75 per cent of the total cyanide, then excess of N/10 HNO3
(say 10 c.c, but when much alkaU is present more may be

required). Then add sufficient AgNOg to precipitate the rest of

the cyanide. A small excess does not matter. Make up to 100 c.c.

and filter off 75 c.c. Determine excess of acid by N/10 alkah and

methyl orange. The alkahnity so found is the equivalent of

total hydrates and carbonates. (In certain solutions it is possible

by adding excess of ferrocyanide to the acid solution, to deter-

mine alkahnity to phenol phthalein, which gives a sharper end-

point. The alkali value is the same whether phenol phthalein

or methyl orange be used.)

(&) In presence of zinc.

(i) To 25 c.c. of the working cyanide solution add 5 c.c. N/10

ferrocyanide and 3 drops of the methyl orange indicator. Titrate

rapidly in duplicate with standard acid, using one lot as a color-

check against the other. Observe color change against a white

background, and titrate till a distinct change is observed.

(ii) Titrate the second lot, adding acid rapidly to within 1 c.c.

of the amount previously required. Then titrate drop by drop.

The result obtained will probably be lower than the first by about

0.2 to 0.4 c.c. The second result should be taken.

(iii) The "total cyanide" is determined in the ordinary way by
titrating with AgNOg in presence of alkah and KI.
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If y = no of c.c. N/lO acid required by 25 c.c. of solution taken

in test ii. (total alkali)
,

t = no of c.c. N/10 AgNOg for 50 c.c. solution in test iii.

(total cyanide)

then

4 (y— t) = c.c. of N/10 protective alkali for 100 c.c. of solu-

tion tested.

4 (y— t) X 0.004 = percentage of protective alkali calculated

as NaOH.

[It should be noted that the " protective alkaU " thus obtained

includes the total value of carbonates, and thus gives too high

a result (see p. 61). Green's method, however, gives the true

value as against atmospheric COj, and should therefore be used in

preference to the above whenever it gives a definite end-point,]

Estimation of Carbonates.

Gerard W. WilHams (Proc. Chem., Met., and Min. Soc. of S. Africa,

Vol. IV., p. 412) apphes this method as follows for the accurate

determination of carbonates: "Shake up 250 c.c. of solution

with 2 or 3 grams barium chloride. Allow to stand, with fre-

quent shakings, for about an hour. Filter; pass the first filtrate

through the paper till quite clear. Rinse out flask into filter.

Wash well. With a glass rod perforate base of filter and wash

precipitate into flask. Place filter paper also in flask and add

shght excess of N/10 HCl or HjSO^. Warm to about 90° C. and

determine residual acid by N/10 alkah."

Calcium chloride cannot be advantageously used instead of

barium chloride; it does not precipitate the carbonate in presence

of cyanide below 90° C, and the precipitate is fairly soluble in the

solution even at that temperature; moreover, on warming a

cyanide solution to 90° C. with calcium salts, particularly with

excess of lime, a certain amount of carbonate is produced by

decomposition of the cyanide, hence the result obtained is too

high. Addition of alkahs (KOH or NaOH) retards this decom-

position.

A. Whitby, however (Journal Chem., Met., and Min. Soc. of

S. Africa, August, 1904, p. 54), states that carbonates in solution

may be determined by adding a drop or two of dilute ammonia
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and then a solution of calcium nitrate, filtering quickly, and
washing with hot water. This statement is criticised by Williams

{loc. cit.) on the ground that CaCOj is soluble with decomposition

in cyanide solutions at normal temperature.
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Estimation of Ferrocyanides.

Estimation of Ferrocyanide by Determining Cyanogen after

Decomposition of Ferrocyanogen by Means of Mercury

Compounds.

W. Feld (Journ. f. Gasheleucht. XLVI. [29] 561; see also Journal

Soc. Chem. Ind., September 30, 1903) uses the following method

for determining the soluble iron-cyanogen compounds in crude

cyanide materials. The latter are first treated in the cold with

a solution of magnesium chloride. The material must not be

boiled or digested with warm water; even pure cold water must

not be used, as otherwise a part of the cyanogen would be con-

verted into thiocyanate by the reaction with the sulphur present.

The extract is then boiled with the addition of about 0.5 grams

of magnesia, to decompose free cyanides and sulphides, and after

the gradual addition of caustic soda solution it is boiled with

mercuric chloride and distilled with sulphuric acid. The hydro-

cyanic acid is collected in caustic soda and titrated with silver

nitrate and KI indicator in the usual way.

Insoluble pure salts, such as Prussian blue, are decomposed by

rubbing 0.5 grams into a cream with 4 to 5 c.c. of water and boil-

ing; 30 c.c. of 3N magnesium chloride solution are next added

and the process follows as described for soluble salts.

Insoluble iron-cyanogen compounds, in presence of simple

cyanides, are treated as follows: From 0.5 to 2 grams of the sub-

stance are rubbed down finely with 1 c.c. of 3N magnesium

chloride solution and 2 c.c. of water, and the mixture is derived

on the water-bath to expel HCy. The residue, when perfectly

cold, is rubbed into a cream with 5 c.c. of 8N caustic soda solu-

tion for a few minutes; about 10 c.c. of the MgClj solution are

slowly added with continuous stirring, and the Hquid is transferred

to the distilling flask; 20 c.c. more MgClj solution are added, the

whole diluted to 150 to 200 c.c. and boiled for 5 minutes. To the

172
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boiling solution 100 c.c. of boiling N/10 mercuric chloride solution

are added, and after 5 to 10 minutes' boiling the Uquid is dis-

tilled with ths addition of 30 c.c. of 4N sulphuric acid, the titration

being carried out as before.

Estimation of Ferrocyanides after treatment with Brominized

Caustic Soda.

E. Donath and B. M. Margoshes (Journ. fiir prakt. Chem., LV.

[1899]) give a method applicable for determining ferrocyanide

in cases where part of the iron is present in other forms. The
substance or solution is digested with 8 per cent caustic soda with

gentle warming. The whole or an aUquot part is then filtered,

and the filtrate treated with some of the 8 per cent NaOH to

which 20 c.c. of bromine have been added. A precipitate of ferric

hydrate is thus obtained, representing only that part of the iron

which was originally present as ferrocyanide. This is filtered off,

dissolved in HCl and re-precipitated with ammonia. Its iron

contents may then be determined by any of the ordinary methods.

Estimation of Thiocyanates.

Estimation of Thiocyanates by Titration with Silver Nitrate.

Thiocyanates may be estimated with considerable accuracy

by a reversal of Volhard's method for the estimation of silver.

Ferrocyanides, if present, must first be precipitated by means of

an acid solution of ferric sulphate, the excess of which serves as an

indicator. The mixture is filtered, and the filtrate titrated wuth

AgNOg till the red color of the ferric thiocyanate is discharged.

The presence of chlorides would interfere with this method;

cyanides would presumably be converted into ferrocyanides and
finally into Prussian blue and removed by the filtration.

C. J. Elhs (" Notes on Residual Cyanide Solutions," Journal Soc.

Chem. Ind., February, 1897) recommends precipitating the ferro-

cyanide as Prussian blue, filtering, precipitating excess of iron

by caustic potash, and again filtering. After neutralizing the

filtrate, he then determines the thiocyanate by the method of

Barnes and Liddle (Chem. of Cyanide Solutions, p. 89, Group D).

As an alternative process he uses the colorimetric method given

above Q,oc. cit., p. 89, Group C).
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Estimation of Thiocyanates by Distilling with Hydrochloric Acid

and Aluminium.

W. Feld Journ. fiir GasbeleuchL, XLVI. [29] 561; (see also

Journal Soc. Chem. Ind., September 30, 1903) uses the following:

" Six small coils of sheet aluminium, made of strips about 20 cm.

long and 0.5 cm. broad are placed in the flask along with the sub-

stance under examination and about 100-120 c.c. of water. Into

the boiling solution 20 c.c. of 4N hydrochloric acid are run, and

after the violent evolution of hydrogen has ceased, further quanti-

tities of acid are added."

The thiocyanate is decomposed as follows:

3KCNS + 4A1 + 18HC1 = 2KC1 + 2Al2Cle + 3NH,C1 + 3C

+ 3H,S.

The distillate is received in a vessel containing a measured

quantity of iodine solution of known strength, which reacts with

the HgS as follows:

HgS + I2 = 2HI + S.

The distillation is continued, with fresh additions of acid if

necessary until no further decolorization of the iodine solution

occurs. A gentle stream of CO2 is maintained during the dis-

tillation. Finally the excess of iodine is titrated with standard

thiosulphate.

The presence of thiosulphates interferes with this method. In

such cases the solution is first boiled with addition of mercuric

chloride and sufficient magnesia to render it alkaline. The thio-

sulphate is completely decomposed as follows:

Na2S203 + HgCl2 + MgO = HgS + 2NaCl + MgSO,,

the thiocyanate being unaffected.

When both salts are present, the method used is to boil with a

mixture of mercuric and magnesium chlorides and magnesia.

After cooling, the hquid is diluted to a definite volume, filtered

through a dry filter, and an ahquot portion of the filtrate, which

contains the thiocyanate alone, is distilled with HCl and aluminum

as described above.

Modification of Colorimetric Method.

In using the method described in the text (see Chem. of Cyanide
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Solutions, p. 89, Group C)., F. Hurter (Chem. News, XXXIX., 25)

recommends the addition of zinc chloride to precipitate ferro-

cyanides before applying this test. The standard thiocyanate

may be adjusted to the required strength by titrating with per-

manganate as in Method A (Chem. of Cyanide Solutions, p. 87).

Estimation of Seleno Cyanates.

Selenium, when present in cyanide solutions, occurs as seleno-

cyanates (e.g., NaSeCN) analogous to thiocyanates. It may be

estimated rapidly, with sufficient accuracy for ordinary purposes,

by the following colorimetric method (Engineering and Mining

Journal, October 28, 1905, p. 777)

:

100 c.c. of the cyanide solution are mixed with 10 c.c. con-

centrated HCl and boiled for about 5 minutes. The selenium

is completely precipitated, and remains in suspension for some

time, the tint of the emulsion varying, according to the amoimt
and nature of other ingredients present, from hght orange to

bright scarlet. The tint is compared with that of a similar

amount of a standard containing a known quantity of selenium.

The standard selenium solution may be prepared by dissolving

10 mgr. of pure selenium in concentrated bromine water, adding

NaHCOg till colorless, and making up to a Uter. Check solutions

are prepared of approximately the same composition as the cya-

nide solution to be tested, but free from selenium. Measured

quantities of the standard selenium are then added to the checks,

together with 10 c.c. HCl, and heated to boihng. This is repeated

with different amounts of the selenium solution until a tint is

obtained corresponding to that of the solution to be tested. In

some cases a Httle sodium bisulphite is added to assist the pre-

cipitation of the selenium. In the case of working cyanide solu-

tions at the Redjang Lebong Mine, Sumatra, a close imitation of

the tint was obtained by boihng measured volumes of the selenium

solution with 5 to 10 c.c. of a 5 per cent solution of NaHSOg, and

adding a mixture of 1 vol. potassium ferrocyanide with 5 vols,

of a zinc chloride solution equivalent in strength to the ferro-

cyanide. The boihng must not be continued too long, or the

selenium will be precipitated in a dense black form unsuitable

for colorimetric estimation.

Copper interferes with the test, as when ferrocyanides are
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present a precipitate is obtained consisting of mixed ferrocyanides

of zinc and copper, having a tint somewhat similar to that given

by selenium.

Estimation op Sulphides.

Method No. 2a.

Colorimetric Estimation of Sulphides by means of Soluble Lead

Salts.

C. J. ElUs {Journal Soc. Chem. Ind., February, 1897) has

shown that small quantities of sulphides in presence of cyanides

can be conveniently estimated by means of alkahne lead solu-

tions, such as sodium plumbate. The present writer has fre-

quently used a solution of lead tartrate in caustic soda for the

same purpose.

The method as detailed by Ellis is as follows:

The solution is decolorized if necessary. A rough determina-

tion of the sulphide is first made colorimetrically by means of

the lead solution to find whether it contains more or less than

1 part of sulphide in 20,000.

(a) The solution contains less than 1 part in 20,000. It is still

further diluted with recently boiled and cooled distilled water

until it contains only 4 to 6 parts KjS per million, which is about

the most convenient strength to test. Two quantities of (say)

300 c.c. of this diluted solution are measured into flasks placed

on a white surface and successive quantities of 0.5 to 1 c.c. of the

lead solution added to each flask until the last addition to one fails

to make its contents darker than those of the other. The amount
of sulphide is then calculated from the quantity of lead solution

employed, omitting this last addition. At first, each addition of

lead solution forms a distinct brown cloud. When this is no

longer noticed, the end-point is nearly reached. It is stated

that 2 to 3 parts of sulphide in 10 milhon parts of solution can be

determined by this means, even when the Uquid is originally

slightly colored.

(&) The solution contains more than 1 part in 20,000. A suit-

able quantity, say 5 to 100 c.c. according to the amount of sul-

phide suspected to be present, is put into a flask and the lead

solution run in until the precipitate does not increase perceptibly.
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About 1 or 2 c.c. is filtered through several thicknesses of filter-

paper, the filtrate generally being brownish. Half of it is placed

in each of two small test-tubes; a drop or two of the lead solution

is added to one test-tube and, if its contents become darker than

those of the other, both are returned to the main solution and

further lead solution added. The test is then repeated, and so

on until no darkening takes place.

The presence of the other constitutents of the solution appears

to have no effect on the accuracy of the determination made in

this way.

Modified Colorimetric Method for Sulphides.

Gerard W. Wilhams (Journ. Chem. Met. and Min. Soc. of S.

Africa, VI., 170, November, 1905) gives the following modifica-

tion of the above process:

Two lots of 5 grams each of the sample are dissolved in 100 c.c.

of previously boiled distilled water. To one lot about 0.5 gram

of lead carbonate is added, the solution well shaken for a few

minutes, and filtered. This gives a check solution free from

sulphides but otherwise similar to the actual sample to be tested,

and the effect of any impurities present is thus equalized. 50 c.c.

of the solution of the sample are placed in a Nessler's tube and

1 c.c. of alkahne plumbate, prepared by digesting litharge in

5 per cent caustic soda, are added. An equal volume of the check

is placed in another similar tube, lead solution added, and a

solution of sodium sulphide containing 1 milligram per c.c. is added

from a burette until the color in the two tubes is equal. The

volume of standard sulphide solution used thus gives the number
of milhgrams of sulphide (estimated as NajS) in 2.5 grams of the

sample.

The results are accurate and agree well with those obtained

by the nitroprusside method (Chemistry of Cyanide Solutions,

p. 92, Method No. 3). They are higher than those given by
Method No. 2 (Id., p. 91).

Wilhams notes that when lead carbonate is digested in a solu-

tion of commercial cyanide, minute quantities of lead are dis-

solved. It is therefore impossible to employ a check solution,

prepared as described, in conjunction with the nitroprusside

method, as the brown color produced on adding sulphide solution

masks the violet of the nitroprusside coloration.
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Estimation of Thiosulphates.

Method No. 1.

In absence of other reducing agents, thiosulphates may be

simply and accurately estimated as follows:

A measured volume of the solution is exactly neutralized with

dilute standard acid, using methyl orange as indicator. The

thiosulphate may then be determined by the ordinary method

of titration with iodine solution, using starch as indicator. Thio-

cyanates do not interfere. The method depends on the fact

that free hydrocyanic acid is not rapidly oxidized by iodine.

Method No. 2.

The following method is described by A. Gutmann (Zeit. Anal.

Chem. [1907], VIIL, 485; see also Journal Soc. Chem. Ind,,

September 16, 1907, p. 991).

It depends upon the reaction of thiosulphates with alkaline

cyanides whereby they are converted into sulphites and thio-

cyanates

:

Na2S203 + KCy = Na^SOg + KCyS.

To a measured volume of the solution are added 1 gram of

potassium cyanide and 2 c.c. of a 15 per cent solution of sodium

hydroxide, both free from chlorides, and the mixture is heated

for half an hour on the water-bath. It is then cooled and made

up to 100 c.c. The excess of cyanide is estimated in 20 c.c. of

this solution by the ordinary silver nitrate method. A known

excess of silver nitrate is then added, together with dilute nitric

acid, for the complete precipitation of the thiocyanate, and the

residual silver estimated by back titration with standard thio-

cyanate (Volhard's process). Any thiocyanate originally present

must of course be determined and allowed for.
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Estimation of Cyanates.

Cyanates are not likely to occur in ordinary working solutions,

as they would generally be reduced by the nascent hydrogen of

the zinc boxes, but their determination in commercial cyanide

may be of importance in some cases.

The methods adopted for determining cyanates may be classi-

fied as follows:

(1) Methods depending on the reactions of silver cyanate.

(2) Methods depending on the conversion of cyanate into

ammonium compounds, and distillation of the latter,

(3) Alkalimetric methods depending on the behavior of cyan-

ates towards mineral acids.

To the first class belong the methods 1, 2 and 3 described, pp.

104-107 of the text.

Method No. 4 (0. Herting), p. 108, belongs to the second class,

and is the method which the present writer has generally found

most satisfactory. We here give some additional details:

Estimation of Cyanates by Conversion into Ammonium Salts

AND Distillation.

Two to 3 grams of the salt are dissolved in water in an evapora-

ting dish. A slight excess of hydrochloric acid is then added

and the mixture evaporated to dryness on a water-bath under

a hood.

The residue is then dissolved in a little water and transferred

to a distilling flask connected with a suitable condenser and 2

bulb U tubes or other receivers containing a measured quantity

of N/10 acid. A slow current of air is maintained through the

apparatus by means of an aspirator. When all is ready, a little

strong caustic soda is introduced into the distilling flask and heat

appUed, boiUng gently for some time but without evaporating

to dryness. Certain precautions are necessary to prevent spurt-

ing, -which might carry some of the alkaline Hquor from the dis-

tilhng flask into the receiver. The writer uses a plug of glass
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wool suspended over the opening of the exit tube of the distiUing

flask. When the operation is complete, the residual acid in the

receivers is titrated with N/10 alkali and methyl orange.

1 c.c. N/10,acid consumed = 0.004201 grams CNO.

Estimation of Cyanates by Determining Carbonic Acid

Evolved on Distillation with Acids.

A method very similar to the preceding is described by Thos,

Ewan {Journal Soc. Chem. Ind., March 15, 1904, p. 244). The

same reaction is used, viz.,

RCNO + 2HC1 + H2O = RCl + NH.Cl + CO^,

but the carbonic acid is determined instead of the ammonia.

This is carried out as follows:

About 1 gram of the sample, dissolved in 50 c.c. of water, is

brought into a 100 c.c. distilling flask, the side tube of which is

bent upwards and sealed into a rod and disc fractionating column

about 4 in. long. The upper end of this column communicates

with the condenser. This arrangement serves to prevent splash-

ing. The receivers contain a dilute solution of caustic soda and

baryta free from carbonate equivalent to 40 to 50 c.c. normal

NaOH; a large excess makes it difficult to wash the barium car-

bonate completely. The pressure within the apparatus is kept

slightly below that of the atmosphere during the distillation.

Hydrochloric or sulphuric acid is introduced into the distiUing

flask by means of a tap funnel until the contents are acid to

methyl orange, avoiding a large excess. After distiUing off 30

to 40 c.c. of liquid the apparatus is swept out by a slow current

of air free from carbonic acid. The barium carbonate formed in

the receivers is filtered off, washed and titrated with N/10 HCl.

The amount of carbonate present is determined in another

portion of the sample by precipitating with barium chloride in

the cold,* or the carbonate may be precipitated and filtered off

before introducing the solution into the distiUing flask.

The residue in the distilling flask can of course be used for a

check determination by Herting's method, by simply adding

caustic soda and distilling.

The cyanide may also be determined in the filtrate from the

barium carbonate precipitate.

* And the necessary correction applied in calculating the cyanate.
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The author states that " The accuracy is not very great, but is

sufficient for most purposes."

The method has the advantage that the prehminary evapora-

tion to dryness is avoided; on the other hand there is the neces-

sity for a separate determination of carbonates and the difficulty

of effectively washing the barium carbonate precipitate. The
method would be useful in the case of cyanide samples containing

ammonium salts, as it enables the cyanate to be determined

without a separate determination of ammonium, such as would

be necessary in such a case with Herting's method.

Criticism of the Method of E. Victor (see Chemistry of Cyanide

Solutions, p. 106, Method No. 2).

Dr. Ewan {Journal Soc. Chem. Ind., March 15, 1904, p. 244)

notes that silver cyanate is somewhat soluble in water, hence

cyanates cannot be completely precipitated in neutral solution by
silver nitrate. Moreover, silver cyanate dissolves somewhat
slowly in cold 5 per cent nitric acid, whereas hot acid also dis-

solves some cyanide. It is therefore difficult to make sure of

dissolving all the cyanate without dissolving some of the cyanide.

An analysis made by Victor's method on a sample of sodium

cyanate containing a fittle cyanide gave a result for the cyanate

about 3.5 per cent too low as compared with Dr. Ewan's distilla-

tion method. The sources of error become of greater importance

when the quantity of cyanate is small compared with that of

cyanide, and in presence of hydroxides and some other substances

giving silver salts soluble in nitric acid, the method was found to

be incapable of giving even approximately accurate results. The
presence of excess of silver nitrate diminishes the solubihty of

silver cyanate. According to Walker and Hambly {Transactions

Chem. Soc, LXVII., 747) AgCNO is practically insoluble in water

containing excess of AgNOg.

Estimation of Cyanate by Alkalimetric Method.

The following extremely simple method is recommended by
A. C. Gumming and Orme Masson {Proceedings of Soc. of Chem.
Ind. of Victoria, July-August, 1903; see also Chem. News, Janu-
ary 5, 1906, p. 5). The method depends on the facts

(a) that cyanates are neutral to methyl orange
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(&) that when boiled for a short time with a mineral acid they

are quantitatively converted into CO2 (which escapes) , ammonium
salts, and salts of the metal originally present in the cyanate,

by the reaction

NaCNO + 2HC1 + H20= NaCl + NH.Cl + CO^

or its analogues.

The method is as follows:

A known volume of the solution (which may contain carbonates

as well as cyanides and cyanates) is first titrated in the cold with

standard acid, using methyl orange or congo indicator. The

quantity of acid required to affect a change in a neutral solution

of the indicator should also be determined, and the proper cor-

rection applied in making the test. Having noted the point

where the solution becomes neutral, a sufficient measured excess

of standard acid is added beyond this point. The mixture is

then boiled for a few minutes to insure the complete decomposi-

tion of cyanate and expel the COj. The boiling may be stopped

when bumping sets in. The solution is then cooled and more

indicator added if necessary. The residual excess of acid is now
determined by titrating back with standard alkali. The difference

between the excess acid added beyond the neutral point,

and the residual acid is the equivalent of the cyanate, according

to the equation given above.

As a check on the result, an independent measure of the cyanate

may be obtained as follows: After the last-mentioned titration

a sufficient excess of alkali is run in and the mixture is boiled

until all ammonia has been expelled. The mixture is cooled,

fresh indicator added if necessary, and the residual alkali titrated

with standard acid. The difference between the amount of

standard alkali added and the amount found is the equivalent

of the cyanate, unless the original solution contained ammonium
salts. In the latter case, the difference in the results obtained

by the two methods of titration gives a means of estimating the

ammonium present.

From the equation it is evident that in the first method 1 c.c.

N/10 acid consumed = 0.0021 grams CNO, whereas by the second

method 1 c.c. N/10 alkah consumed = 0.0042 grams CNO.
Let a = no. of c.c. of N/10 solution required by first method.

b = no. of cc. of N/10 solution required by second method.

Then a X 0.0021 = gram CNO present.
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2 6 X 0.0021 = gram CNO when no ammonium is present,

or a = 2 6.

In presence of ammonium,

(2 b — a) X 0.0009 = gram NH^ present.

Separation and Estimation of Cyanates, Cyanurates,

Ammonium Salts and Urea.

C. J. Ellis (" Notes on Residual Cyanide Solutions," Journal Soc.

Chem. Ind., February, 1897) gives the following, applicable in

presence of cyanides, ferrocyanides, chlorides, etc.

To the solution, barium nitrate solution in slight excess is added

to decompose the carbonates and cyanurates if present in moder-

ate quantity. In presence of caustic alkali a very small excess

of carbonic acid water is added to carbonate it before the addi-

tion of the barium solution. Barium carbonate and cyanurate

are precipitated, leaving the other salts in solution. The liquid

is filtered and silver nitrate solution run in, to slight excess. In

neutral solutions the necessary quantity of AgNOj may be ascer-

tained by using the chromate indicator. The precipitate con-

sists of silver cyanide, ferrocyanide, thiocyanate, cyanate, chloride,

etc. Of these only the cyanate is soluble in dilute nitric acid.

The mixture is therefore shaken up with dilute nitric acid and

filtered. The silver in the filtrate is titrated by Volhard's method
and calculated to cyanic acid. (Comp. Text p. 106.)

Another portion of the original substance or solution is treated

in precisely the same way, but substituting calcium nitrate for

barium nitrate. Calcium cyanurate being soluble in water

remains in the filtrate from the carbonate precipitate, and is

precipitated by silver nitrate as a silver salt soluble in dilute

nitric acid. The final titration of the dissolved silver therefore

represents cyanate + cyanurate.

To the original filtrate from the precipitate of silver cyanide,

ferrocyanide, etc., a Uttle common salt is added to remove excess

of silver. The silver chloride is filtered off and the filtrate dis-

tilled with a slight excess of KOH for a comparatively short time,

keeping the hquid just barely boiling, the distillate beings caught

in a measured quantity of N/10 hydrochloric acid. The ammonia
in the distillate is then determined by Nesslerizing or by titrating

the residual acid.

If the distillation be carried out at a low enough temperature
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and is not too prolonged, and if no great excess of potash be

employed, little if any of the nitrogen of the urea pases over as

ammonia with the distillate. The urea mostly remains unde-

composed in the distilhng flask, and may be determined by
decomposing with hypobromite of soda and measuring the

nitrogen evolved.

COCNH^)^ + SNaBrO = 3NaBr + 2H2O + CO^ + Nj

(See Sutton, Volum. Anal., 8th ed., p. 432.)

The hypobromite solution is prepared by adding one-tenth of

its volume of bromine to a 40 per cent caustic soda solution.

Estimation of Chlorides.

Method No. 6.

The following method was found by the writer to give satis-

factory results in determining the amount of chloride in com-

mercial cyanide. It is preferable to the differential methods

(1, 2 and 3, pp. 109, 110) in cases where the amount of chloride is

small compared with the amount of cyanide, and is much less

troublesome than the methods involving a fusion with niter

(4 and 5, p. 111). The results agree well with those obtained by
other methods.

The cyanide is dissolved in water, with addition of ammonium
nitrate or, preferably, ammonium sulphate, and heated to boil-

ing for some time. The cyanogen is completely expelled as

ammonium cyanide,

(NHJ^SO, + 2NaCy = 2NH,Cy + Na^SO^

the chloride remaining unaffected. The liquid is then cooled,

acidulated with nitric acid, a measured quantity of standard

silver nitrate added, stirred and filtered. The excess of silver

in the filtrate is determined by titration with standard thio-

cyanate and ferric indicator. The difference between the silver

found and the silver added is the equivalent of the chloride.
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Estimation of Gold.

Comparison of Various Methods for the Estimation of Gold in

Solutions.

G. W. Williams {Journal Chem. Met. & Min. Soc. of S. Africa,

May, 1904) remarks as follows:

In assaying solutions by the " copper method " {i.e., by Whitby's

method: Chemistry of Cyanide Solutions, p. 117), the presence of

ferrocyanide, shown by a brown precipitate of copper ferrocyanide,

is advantageous. In assaying solutions free from ferrocyanide

the results by the copper method were lower than by Crosse's

silver method (Chemistry of Cyanide Solutions, p. 119). On
adding ferrocyanide the results became equal. The effect of the

ferrocyanide is entirely mechanical, the gelatinous precipitate

acting as a very perfect filter, completely removing all other

precipitates from solution.

The copper method gives results slightly lower than those

obtained by evaporation or by Crosse's silver method, the error

being least in presence of a good excess of ferrocyanide. By
either the copper or the silver method it is possible, without

exercising undue haste, to return an assay the accuracy of which

is above suspicion within 2 or 3 hours, after making the most

liberal allowances for cupellation and parting.

A. Whitby, however {J.oc. cit., p. 54), maintains that the method
gives higher results than either the evaporation or silver meth-

ods. He confirms the necessity of adding ferrocyanide and also

adds sufficient cyanide to bring the strength up to 0.07 per

cent KCy before proceeding with the test.

The present writer has frequently obtained results by the

"copper method," both in its original form as communicated to

him by Prof. S. B. Christy in 1898, and as modified by Whitby,

which have agreed exactly with those obtained on the same solu-

tions by evaporation, but solutions very low in gold values gave

eUghtly lower results. For the "copper method" the following
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quantities were used as a rule: 300 c.c. of solution to be tested,

mixed first with 10 c.c. of 15 per cent copper sulphate, secondly

with 10 c.c. of 25 per cent sodium bisulphite and finally with

5 c.c. of 10 per cent sulphuric acid, agitating after each addition

and setthng for 15 to 30 minutes before filtering. When neces-

sary, small quantities of cyanide and ferrocyanide were added

before making the test.

Modification of Durant's Method (p. 120).

N. S. Stines (Mm. and Sci. Press, April 28, 1906) gives the

following

:

Take 100 c.c. of the solution to be assayed, add 7 c.c. of a 10 per

cent lead acetate solution, then 1 gram of zinc shavings or dust,

and place on a hot plate. Heat, but not to boiling, until the lead

has gathered around the pieces of zinc. This usually takes about

25 minutes. This precipitation being complete, 20 c.c. concen-

trated HCl are added and the heating continued until all efferves-

cence has stopped. The lead is then in such a spongy condition

that by the aid of a flattened glass rod it can be pressed into a

cake and the clear solution poured off. It is then washed twice

and pressed with the fingers into a compact mass. This is dropped

in a lead foil funnel, leaving a vent for escape of steam, placed

on a hot cupel and the assay completed in the ordinary way.

In order to keep the lead from breaking up, the solution should

not be actually brought to a boil at any stage of the process.

Results with rich silver solutions were lower than by evapora-

tion on lead foil.

S. J. Speak {Transactions Inst. Min. Met., XII, 389) mentions

that Professor Liversidge, about 1895, used zinc shavings and

lead acetate to precipitate gold in sea-water, probably in a

slightly acid solution.

Precipitation of Gold from Cyanide Solutions by Means of

Cement Copper.

Albert Arents {Transactions Amer. Inst. Min. Eng., February,

1903) describes the following:

250 c.c. of the solution to be tested are mixed with a few c.c.

of sulphuric acid, agitated for several seconds, and then not less

or much more than 1 grain of cement copper added. This is

well boiled for about 10 minutes and filtered without washing.
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One third of a crucible-charge of flux is then added to the filter

containing the sediment and the paper folded over so that it

may be readily removed. Another third of the charge is pre-

viously placed in the crucible; the filter with the flux is then

transferred to the same, and the remaining third of the charge

placed on the top. It is then fused and assayed in the ordinary

way, using a crucible of size F, and 30 grams of Utharge. The

filter itself furnishes the reducing agent, about 20 grams of lead

being obtained. The lead button comes out bright and clean,

and upon cupeUing furnishes a bead free from copper.

A solution of copper sulphate to which a few pieces of sheet

aluminum are added may be used instead of cement copper.

The Uquid is boiled until all the copper has come down, any un-

dissolved aluminum being added with the residue on the filter,

and fluxed as above.

Precipitation of Gold and Silver by Means of Copper

Sulphides.

The following method, suggested by Prof. S. B. Christy, is

given in Min. and Sci. Press, April 11, 1903.

From 3 to 10 assay-tons of the solution (say 75 to 300 c.c),

according to its richness, are boiled and acidified strongly. After

2 or 3 minutes 20 c.c. of a 5 per cent solution of copper sulphate

are added, arid when this boils, a sufficient quantity of sodium

or potassium sulphide to precipitate the whole of the copper, but

leaving an excess of acid in the liquid. The boiling is continued

for another minute, or until the. evolution of H2S ceases. The
precipitate of copper sulphide carries down the gold and silver.

Either HjSO^ or HCl may be used for acidifying. The precipitate

is collected on an 11 cm filter, any precipitate adhering to the

vessel being collected and added to the main bulk. The filter

paper is then folded up and placed in front of the muffle on a

2^ inch scorifier, until the paper is consumed and the sulphur

burnt off. Grain lead and a small amount of borax are then

added and the whole scorified. 20 grams of lead will usu-

ally suffice. It is advisable to scorify the button until it is

reduced to 8 or 9 grams. It is then poured, cleaned from slag and

cupeled.

It is stated that by boiling a number of solutions simultaneously,

15 to 20 assays may be prepared for scorification in f hour.
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Precautions. An excess of alkali must be avoided; as soon as

all the copper is thrown down, further addition of sodium sul-

phide gives a white precipitate of sulphur. This, however, cannot

be seen unless the copper sulphide has settled somewhat.

If the solution be acidulated after the copper sulphide has been

thrown down, the precipitation of gold and silver is incom-

plete unless an excessive amount of copper sulphate has been

added.

Excessive amounts of copper sulphate should be avoided as

they cause large losses on cupellation. 1 gram is usually suffi-

cient and gives results checking closely with evaporation with

litharge.

The results are too low when the amount of sodium sulphide

added is insufficient to precipitate all the copper.

Precipitation with Ammoniacal Copper Salts and Sulphuric

Acid.

M. Lindeman (Engineering and Mining Journal, July 7, 1904,

Vol. LXXVIIL, p. 5) gives the following:

10 assay-tons of the solution are heated strongly. Ammoniacal

copper nitrate is then added until the solution shows a permanent

blue color. Sulphuric acid is then carefully added in excess,

the solution stirred and immediately filtered. The paper is

folded and carbonized in a scorifier transferred to a crucible,

fused and cupeled. The method checks very well with evapora-

tion with litharge.

General Remarks on Copper Methods of Estimating Gold
and Silver in Solutions.

Whitby's method, described in the text (p. 117) possesses the

great advantage over all the foregoing methods, and indeed over

almost every suggested method for assaying cyanide solutions,

that the preliminary operations can be carried out entirely in the

cold. The apparatus, time and attention required for boiling

or heating the solutions are thus saved.

Electrolytic Method of Estimating Gold in Cyanide

Solutions.

D. Clark (Australian Mining Standard, April 24, 1902) mentions
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the following as having been in use at the Baimsdale (Victoria)

School and elsewhere in Austraha. The gold is precipitated by

electrolysis from a measured volume of the solution on lead-foil

cathodes. The lead is scorified and sometimes cupeled straight-

away. This method is of course merely an application of the

Siemens-Halske process on a small scale.

The same writer criticizes the method of evaporation with

litharge on the ground that large losses may occur on account

of the solutions being saturated with chlorides and other

salts.

A. M. Henderson {Journal Soc. Chem. Ipd. [1905] p. 942) gives a

similar method, the cathode consisting of a cyhnder of lead foil

notched at the base, and the anode being a rod of wrought iron, a 6-

inch nail answering the purpose. The solutions are electrolyzed for

4 hours with a current of 0.06 to 1.2 ampere. The gas bubbles

liberated inside the cathode cyUnder cause an upward current

of solution, inside the cylinder, and a downward current outside

which passes through the notches at the bottom, thus securing

sufficient circulation of the hquid. An excess of ammonia is

added to prevent the formation of Prussian blue on the anode.

20 assays of 10 assay-tons each can be made simultaneously, and

the precipitation is said to be very complete, solutions of 10 to 15

dwt. gold per ton and 0.03 to 0.25 per cent cyanide being reduced

below 3 grains gold. Tlie gold separates as a bright yellow de-

posit. When precipitation is complete, the cathode is washed

in water, dried, rolled up, scorified with test lead and cupeled.

COLORIMETRIC METHODS FOR ESTIMATION OF GOLD IN CyANIDE

Solutions.

Various attempts have been made to adapt the well-known
" Purple of Cassius " test for the estimation of gold in presence of

cyanides. The test cannot of course be appHed directly, and all

such methods necessarily involve either . the oxidation of the

cyanogen compounds, or the previous separation of the gold from

them.

We shall here describe the methods suggested by Henry R.

Cassel and J. Moir.
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(1) Cassel's Method.

(Engineering and Mining Journal, October 31, 1903, LXXVI.,
661).

About 50 c.c. of an ordinary working cyanide solution contain-

ing gold is mixed with a small amount of potassium bromate,

and concentrated sulphuric acid added until all effervescence

ceases. The solution is then boiled thoroughly, and a few drops

of hydrochloric acid and stannous chloride added. The purple

color forms almost immediately.

The following equation is suggested:

2KAu(CN)2 + eKBrOg + 4H2SO, = 4K2SO, + 2AuBr +
4CO2 + 2N2 + 4H2O + 3O2.

Potassium chlorate may be substituted for potassium bromate,

but requires longer boiling.

The following is recommended as the best method of applying

the test:

A measured quantity of the cyanide solution to be tested (say

about 10 c.c.) is put into a boiling-tube. About 0.5 grams of

potassium bromate is next added and then pure concentrated

H2SO4 gradually with shaking until the action starts; once started

it will go on without the further addition of acid. When the

action has ceased, add drop by drop, preferably from a dropping

bottle, a saturated solution of stannous chloride, best prepared

by dissolving metalhc tin in hydrochloric acid, until the solution

is just colorless. The purple color will now form and will be

most intense after standing for about half a minute. If left

standing too long more bromine may be freed and this spoils the

color. It is not necessary to boil off the bromine before adding

stannous chloride. It is stated that a complete test may be

made in 2J minutes.

Delicacy of the Test. — By careful manipulations 1 grain of

gold per ton can be detected. Solutions containing 1 dwt. per

ton show a color which is easily visible against a white ground.

[On 50 c.c. of solution taken for test? J.e.c] Solutions too weak

to give a color should first be concentrated by evaporation. If too

concentrated they should be diluted, as a dark solution cannot

be accurately judged.

Other Modes of Preparing the Solution for the Test. — Potassium

chlorate and HCl act fairly well, but require a large amount of
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boiling. Potassium chlorate and sulphuric acid have the same

disadvantage. Aqua regia gives no color at all; the excess of

acid cannot be got rid of without evaporating to dryness. The
cyanide may be expelled by continued boihng with HjSO^ if the

percentage be small; the color, however, does not show readily.

Good results are obtained by adding successively potassium

bromide, sodium peroxide and finally sulphuric acid until neutral.

On adding HCl and stannous chloride the purple color forms with

great readiness. The oxidation takes place as follows:

KAu(CN)2 + SNaA + 3KBr + 8H2SO4 = AuBrj + GNajSO^

+ 2K2SO4 + 2CO2 + N2 + 8H2O.

Another method is to add to the solution to be tested about

one-third of its bulk of concentrated ammonia, then concentrated

H2SO4 till neutral. The solution so prepared readily gives the

Purple of Cassius reaction.

The present writer's experience of Cassel's method is that

other substances frequently occur in working solutions which

interfere with the test either by giving precipitates with stannous

chloride or by affecting the color of the gold compound. Among
such interfering substances may be mentioned ferrocyanides of

zinc and copper, and selenium. In any case it is advisable to

use for comparison measured quantities of a model solution of

known gold contents, and containing other ingredients likely

to occur in the solutions to be tested in approximately similar

proportions, as the tint obtained with (for instance) a pure solu-

tion of gold chloride may be very different from that obtained

with a cyanide solution of equal gold contents.

(2) Mom's Method.*

In this process the gold is precipitated and separated from the

solution before applying the Purple of Cassius test.

100 c.c. of the cyanide solution to be tested are poured into

a 300 c.c. evaporating basin and treated with 1 to 2 grams of

sodium peroxide, boihng for 2 minutes to destroy the cyanide.

The quantity of peroxide and time of boiling are varied according

to the amount of free cyanide present. Next 2 drops of 10 per

cent lead acetate are added, whereon, if sufficient peroxide has

been used, a brown spot of PbOj forms and redissolves. The

(* Proceedings Chem. Met, and Min. Soc. of S. Africa, IV., 298).
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basin is then removed from the flame and about 0.1 gram of alu-

minium powder is added. The mixture is vigorously stirred until

hydrogen ceases to come off. If the aluminium be pure, no
further heating is required. The aurocyanide is electrolyzed by
the aluminium-lead couple, and finally a black precipitate is

obtained consisting of lead and gold. The mixture is filtered

through a small paper and the dish rinsed out on to it. The
hquid, being very alkaHne, filters easily. The filtrate is rejected.

Next 10 c.c. of aqua regia are warmed till yellow and poured into

the paper: the Hquid passing through is collected in a test-tube,

boiled and poured through the paper again. This is repeated

until the filter paper is perfectly clean, whereon it is washed out

with a small quantity of water. The yellow filtrate is then

treated with strong stannous chloride solution added drop by
drop until the yellow color has faded.

If the original cyanide solution contained over 0.5 dwt. of

gold, the purplish-blue shade appears at once, but if only a few

grains per ton were present the mixture must stand a few

seconds. After half a minute the full intensity is attained and

the comparison with the standards is made.

Method of Standardizing. — For exact work, the solution is

poured into a cylinder exactly 1 inch in internal diameter and

made up to a definite volume, say 15 c.c, with water. The
purple color fades through oxidation on keeping, and therefore

cannot be used for a standard. A permanent imitation of the

shade can be made by adding copper sulphate solution to cobalt

nitrate solution until the exact tint is obtained; the mixture is

diluted for use and standardized by the result of the foregoing

process applied to cyanide solutions of known gold content.

For the range between 0.5 and 2 dwt. per ton, the most con-

venient standard is an "indigo-prism," a triangular bottle which,

when filled with the colored fluid prepared as described above

presents a varying thickness of liquid and can be graduated

empirically once for all so as to read directly in dwt. per ton.

This is held horizontally and moved across the cylinder at the

level of the gold-containing liquid until its color is matched, when
the value is read off. Another method is to prepare a set of

standard tubes differing (say) by 3 grains. For quantities under

10 grains per ton the comparison is best made by looking down
the tubes.
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Limit of Accuracy. — The lower limit (on tOO c.c. of solution

tested) is about 2 grains per ton, but by taking 500 c.c. of the

solution the Umit is about 0.4 grain per ton (1 in 35 million).

Strong solutions should be diluted to twice or four times the

volume, anything over 3 dwt. per ton gives a nearly opaque

solution. With practice it is easy to estimate 0.2 dwt. by eye

alone. The process is said to be quite as accurate as a fire assay

on 100 c.c.

Reactions. — The oxidation of the cyanide takes place as

follows

:

(a) KCN + NajO^ + 2H2O = Na^COg + NH3 + KOH.
The reduction of the aurocyanide by the lead-aluminum couple

is due to nascent hydrogen:

(6) Al + 3NaOH = Al(0Na)3 + 3H.

(c) H + KAuCyj + NaOH = NaCy + KCy + HjO + Au.

The lead acetate forms first lead peroxide and eventually

sodium plumbate, thus: _
(d) PbAj + NajOj = PbOj + 2NaA.

(e) Pb02 + NajOj = NaaPbOg + O.

The latter is reduced by nascent hydrogen to metaUic lead:

(/) Na^PbOs + 4H = Pb + 2NaOH + H3O.

The lead and gold are dissolved simultaneously by aqua regia

as chlorides. The best mixture for aqua regia is 100 c.c. con-

centrated HNO3, 300 c.c. concentrated HCl and 400 c.c. water.

This only evolves chlorine on heating.

Modified Method. — As a substitute for sodium peroxide a

solution may be used consisting of 30 per cent NaOH and 0.1 per

cent Htharge. 10 c.c. of this is boiled with 100 c.c. of the cyanide

solution for 5 minutes, then Al is added and the rest of the process

carried out as before. In this case the cyanide is destroyed by

nascent hydrogen and by hydrolysis and rather more time is

needed:

(g) 3KCN + 4A1 + 9NaOH + 3H2O =
3Al(ONa)3 + A1(0K)3 + 3CH3N

(h) KCN + 2H2O = NH3 + HCOjK.

Precautions. — As a check against incomplete precipitation

of the gold, the alkahne filtrate should be tested for cyanide,

with FeSO^ and HCl (this test, however, is vahd only in absence

of ferrocyanides).
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Stannous chloride is best dissolved in dilute HCl; the trace of a

stannic salt usually present is advantageous, but the solution

is filtered until absolutely clear, A piece of metaUic tin may be

added to the bottle containing the stock solution to prevent

oxidation.
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Estimation op Calcium.

Estimation of Calcium by Titration of Oxalate and Permanganate

Method No. 1.*

The writer uses the following method, which appears to be

accurate enough for technical purposes: 50 to 100 c.c. of the

solution are acidified with 10 c.c. hydrochloric acid, boiled and

filtered; the filtrate is made alkahne with ammonia, again heated

to boiUng, and filtered if any turbidity appears. It is then mixed

with a boiling solution of ammonium oxalate, allowed to stand

till clear (say half an hour or so), filtered and the precipitate

washed with hot water and titrated with permanganate. For

this purpose the precipitate, after washing free from oxalates,

is returned to the flask in which it was originally precipitated,

using a jet of hot water. Moisten paper and funnel with 10 c.c.

of 25 per cent HCl and allow washings to run into the flask.

Heat the Hquid to boiUng, dilute to 50 c.c. with distilled water;

add 5 c.c. concentrated H2SO4; heat to about 70° C. and titrate

with N/20 permanganate (1.5803 gram KMnO^ per hter) of which

1 c.c. = 0.001 gram Ca = 0.001 per cent Ca on 100 c.c.

Method No. 2.

According to G. W. Williams (Joum. Chem. Met. and Min. Soc.

S. Africa, May, 1904) precipitation by oxalate in boihng solutions

gives results sHghtly too low. He therefore recommends the

following:

Evaporate, say, 250 c.c. in a porcelain or platinum dish. In

the former case transfer to a platinum dish at the finish. When
nearly dry add a few c.c. of concentrated HCl. Evaporate to

dryness, and heat residue to destroy all sulphocyanides. Add

5-10 grams of a mixture in equal parts of potassium and sodium

See Engineering and Mining Journal, June 29, 1905.

195
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carbonates, fuse 5 minutes, washing the dish well with the fused

carbonates. Extract with water, filter and wash well. Boil

residue with dilute acid, filter, precipitate iron with ammonia and

filter off. To the boiling filtrate add ammonium oxalate. Allow

to stand and determine calcium either gravimetrically, or by per-

manganate as in Method No. 1.

Estimation of Manganese.

* Estimation of Manganese by Colorimetric Method.

Manganese in cyanide solutions commonly exists in an unstable

form which readily deposits brown hydrated oxide of manganese

on standing. It may be readily estimated by acidifying a meas-

ured volume, say 100 c.c. of the solution, pretty strongly with

5 to 10 c.c. nitric acid, heating to boiling, adding peroxide of lead

and again boiling. The mixture is then made up to a definite

volume in a measuring flask, by addition of boiled distilled water,

and after standing till it has settled quite clear, an aliquot part

is drawn off, and the tint compared with that of a similar volume

of water to which standard permanganate is added until the

colors are alike. The manganese contents of the permanganate

solution being known, the amount present in the Hquid tested

is easily calculated:

1 gram KMnO^ = 0.3476 gram Mn.

The process may be hastened by filtering off a measured volume

of the mixture, but if a paper filter be used, the first portions

passing through, say 10 c.c, must be rejected.

A convenient standard solution contains 0.1435 grams KMnO^
per liter or 1 c.c. = 0.00005 gram Mn.

Estimation of Zinc.

Estimation of Zinc by Ferrocyanide Method.

Of the numerous proposed methods, the writer has found the

following to be the most generally serviceable. Take 50 to 100 c.c.

of the solution to be tested. Make strongly alkaline with NaOH.
Heat to boihng. Add sodium sulphide in shght excess. Allow

to settle somewhat. Wash by decantation and finally on filter,

with boiling water. Dissolve the precipitate in about 10 c.c. of

HCl, boil and filter; dilute filtrate to 100 or 150 c.c. according

to amount of zinc present, filter again if not quite clear, and heat

* See Engineering and Mining Journal, June 29, 1905.
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to 70° or 80° C. Titrate with standard ferrocyanide and uranium

indicator in the ordinary way. It is preferable to add an excess

of ferrocyanide, say 2 c.c, beyond the amount required to give a

distinct brown spot with the uranium indicator. After warming

gently 10 minutes, the excess of ferrocyanide is titrated with a

zinc chloride solution corresponding in strength with the ferro-

cyanide. The difference of the two titrations gives the equiva-

lent of the zinc. A convenient strength for the standard

solutions is 1 c.c. = 0.002 gram,Zn.

The only metals likely to be present which would be precipi-

tated as sulphides along with the zinc under these conditions are

silver, lead and mercury. Silver is almost completely removed

in the subsequent treatment with HCl and filtering; lead and

mercury could be precipitated by adding a few drops of H2SO4

before the final filtration.

According to A. Whitby (Journal Chem. Met. and Min. Soc. of

S. Africa, III., 15) 1 part K4FeCy„ = 0.265 parts Zn; it is, however,

always preferable to standardize the ferrocyanide on a zinc

solution of known strength.

Estimation of Zinc by Means of Mercuric Chloride Solution.

L. M. Green (Min. Sci. Press., January 28, 1905) gives the

following, depending on the reactions of mercuric chloride with

cyanides and double cyanides of zinc in presence of ferrocyanides.

To a solution of KCy and K2ZnCy4 add a large excess of K^FeCye

and NaHCOg. On titrating with mercuric chloride solution, when
about two-thirds of the KGy has been taken up by the HgClj

(viz., when the HgCyj and KCy are in the proportion of HgCyj :

KCy), the further addition of mercuric chloride causes a white

cloud of a ferrocyanide precipitate, which the author believes to

be a double ferrocyanide of mercury and zinc.

For the process, two standard solutions are required:

(1) The ordinary standard AgNOg solution containing

13.04 grams per Hter. 1 c.c. = 0.01 gram KCy.

(2) A solution of mercuric chloride containing

10.422 grams per liter. 1 c.c. = 0.005 gram KCy.

The following tests are made :
—

(A) Take 10 c.c. of the solution to be examined, add a sHght

excess of NaOH and a little K^FeCyg together with a few drops

of a strong solution of KI. If ferrocyanide be not added the
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result is apt to be slightly too high where much copper is present.

Titrate with AgNOg solution till a permanent yellow cloudiness

is formed, disregarding any whitish turbidity occurring previ-

ously. Result a c.c.

(B) Take 10 c.c. of the solution; add a large excess of K^FeCyg
and NaHCOg. Titrate with HgClj until a permanent milky

cloud is formed. Towards the finish add the HgClj 2 drops at

a time, waiting about 20 seconds between each addition. Result

b c.c.

By the first test, a X 0.01 = grams KCy present as free

cyanide and as zinc double cyanides, on 10 c.c. of the liquid

tested; hence zr^ = per cent of "total cyanide" present.

By the second test, b X 0.005 = § of free KCy present in

10 C.C, or free KCy in 10 c.c. = ^f^ hence ^ = per cent of free

The difference between these amounts, i.e.,--p:-—x: or—tk—
10 40 40

= per cent KCy present as KjZnCy^ and ^ of this, or — is

the percentage of zinc.

Estimation of Copper.

Colorimetric Method with Ammonia.

Copper may in most cases be rapidly estimated as follows:

100 c.c. of the solution are acidulated pretty strongly with HCl,

heated to boihng, 0.5 gram potassium chlorate added, and boiled

till most of the chlorous gases are expelled. The liquid is then

made alkaline with ammonia and filtered. The tint of the fil-

trate is compared with that of a similar volume of water, to which

HCl and ammonia have been added in about the quantities used

in the test, and to which standard copper solution is added until

the colors of the two liquids are ahke. ' The standard copper

solution is prepared as described in the text, p. 135, 1. 2.

The above treatment with potassium chlorate is generally

sufficient for the complete oxidation of all cyanogen compounds,

but in a few cases it may be necessary to add a little bromine.

When much ferrocyanide is present, however, the method No. 1,

described in the text (p. 134), should be used.
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